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REPORT UPON SURVEY OF THE OHIO RIVER AND 
ITS TRIBUTARIES FOR POLLUTION CONTROL 


SYLLABUS 


The Ohio River Pollution Survey was directed by section 5 of the 
River and Harbor Act, approved August 26, 1937, and subsequent 
authorizations by the Secretary of War, Secretary of the Treasury, 
and Federal Security Administrator. This report presents informa- 
tion pertaining to sources, amounts, and effects on various water uses 
of polluting material discharged into the watercourses of the 204,000 
square miles of the Ohio River Basin, and includes cost estimates for 
comprehensive pollution control measures. 

The work of this survey has included locating all important sources 
of pollution and ascertaming the amount of polluting material dis- 
charged at each, measuring the present effects of the wastes on the 
streams by means of physical, chemical, bacteriological and biological 
examinations, determining the present and prospective uses of the 
streams, estimating the effects of changes in stream flows and river 
conditions and of possible future additional pollution, and determin- 
ing the degree of pollution abatement by treatment, low-flow regula- 
tion, or other methods, which seems economically justified in the light 
of present and prospective stream uses. This has necessitated studies 
of water quality requirements for various uses, of available techniques 
for correcting various types of pollution and their cost, of disease out- 
breaks suspected of being waterborne, and of legal and administrative 
instruments and methods available for effecting pollution abatement. 
__ Besides furnishing water for more than 7,000,000 persons and for 
industrial processes, the streams of the Ohio River Basin are used for 
the disposal of sewage by some 8,500,000 people, and almost two- 
thirds of this sewage receives no treatment. Industrial wastes with 
an oxygen demand equivalent to sewage from almost 10,000,000 addi- 
tional persons‘enter the streams. Pollution problems are further com- | 
plicated by the effect of waters containing 1,800,000 tons of acid per 
year which flow or are pumped from active and abandoned coal mines 
in the extensive coal fields of the basin. 

any water supplies, both domestic and industrial, suffer from the 
effects of these polluting substances and outbreaks of intestinal dis- 
eases, apparently water-borne, have occurred following periods of 
low stream flow. Recreation facilities have been damaged. Fish 
and other aquatic life have been detrimentally affected. Steam- 
boats, barges, other river craft and structures, pumps, pipe lines and 
condensers exposed to acid stream waters have been attacked. 

Although the Ohio Basin, considered as a whole, is one in which 
water pollution is serious, the intensity of the problem is far from uni- 
form. Many of the streams receive no wastes of consequence while 
others could be restored to good sanitary condition at a reasonable 
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cost. Large concentrations of population or of industries and the 

present need for the development of more economical methods of cor- . 
rection of pollution from certain types of industrial wastes are prac- 

tical considerations which will delay the attainment of a high degree 

of stream restoration in a few areas. Continued intensive research 

to develop better treatment or recovery techniques is essential in 

certain instances if conditions are to be improved. The results of this 

survey have made it more than ever apparent that it is neither prac- 

ticable nor desirable to establish either uniform or permanent standards 

of water quality applicable to all streams throughout an area as ex- 

tensive and varied as the Ohio Basin. On the other hand, some 

degree of treatment of all municipal sewage seems to be a reasonable 

requirement in an area as highly urbanized and densely populated as 

the Ohio Basin, even though harmful effects are confined to possible’ 
odors, sludge deposits, floating sewage solids, and scum in the im- 

mediate vicinity of the outfall. 

Low-flow regulation by reservoirs can be used as an important 
supplement to treatment and other corrective measures in abating 
sewage and organic industrial waste pollution and in reducing mine 
acid surges. Proposed and existing flood-control reservoirs in the 
area above Pittsburgh, those under construction on the Mahoning, 
New, and Cumberland Rivers, and the proposed reservoir on the 
Olentangy River above Columbus, Ohio, are among those with out- 
standing value for pollution control. Others will have minor value. 
In general, the cost of providing storage exclusively for pollution con- 
tie is not warranted by the benefits, although this does not hold true 
in certain instances. If the regulated flow can be made available 
incidental to some other reservoir use, such as power or flood control, 
the value of the flow regulation for pollution abatement may be a 
factor in determining the economic justification of the reservoir 

roject. 
: There appears to be both a need and a desire for abatement of water 
pollution in the Ohio Basin. About half of the sewage entering tribu- 
tary streams, except at Ohio River cities, such as Pittsburgh and Cin- 
cinnati, now is being treated. However, a negligible part of the 
sewage, from Ohio River communities is treated and this stream serves 
as a source of water supply for more than 1,600,000 people. The pro- 
vision of sewage treatment facilities at Pittsburgh, Cincinnati, and 
Louisville, and various measures for the correction of mine acid 
pollution, principally in the upper Ohio River regions, are outstanding 
projects in the suggested basin-wide program for pollution abatement. 

Salient features of the main Ohio River and the five Ohio River 
division districts of the United States Engineer Department and 
their pollution problems are as follows: 

Main Ohio River.—A negligible part of the sewage from Ohio River 
communities is treated and this stream serves as a source of water 
supply for more than 1,600,000 people. One of the major factors 
which has delayed waste treatment on the Ohio River while rapid 
progress was being made elsewhere is the interstate character of the 
stream. In general, the State agencies concerned with water pollu- 
tion lack authority over waste discharges to the Ohio River. An 
attempt is being made to correct this situation by means of an inter- 
state compact, the Ohio River Valley Water Sanitation Compact, 
which has been approved by the Congress and ratified unconditionally 
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by four States and with reservations by two others. Ratification by 
the Pennsylvania Legislature is necessary before the compact can 
become effective. Since this is the first attempt that has been made 
to deal with interstate pollution problems in any large area in this 
manner, ratification by Pennsylvania is highly desirable in order that 
the compact may become opérative and that this method of adminis- 
trative control may be tested. 

Pittsburgh district (Allegheny, Monongahela, and Beaver River 
Basins).—The tributaries in the Pittsburgh engineer district receive 
about two-thirds of all the acid mine drainage in the Ohio Basin. 
Large amounts of untreated sewage from Pittsburgh and its suburbs 
enter the lower Monongahela and Allegheny Rivers and untreated 
sewage and industrial wastes from the Youngstown district seriously 
pollute the Mahoning and Beaver Rivers. Industrial wastes from a 

ulp mill and tanneries cause severe pollution along the Clarion 

iver in spite of extensive measures taken to reduce the quantity and 
strength of these wastes. Phenols from byproduct coke plants along 
the Mahoning cause obnoxious tastes and odors in water supplies 
from the Beaver River. 

Low-flow augmentation by reservoirs on tributaries of the Allegheny 
and Monongahela will be valuable supplements to mine sealing and 
sewage treatment programs in abating pollution and the Berlin 
Reservoir, now under construction on the upper Mahoning, will . 
relieve the shortage of cooling and process water for industrial use in 
the Youngstown area, in addition to supplementing waste treatment 
works for pollution control. 

Huntington district (Muskingum, Little Kanawha, Hocking, Kana- 
wha, Guyandot, and Big Sandy River Basins)—The principal areas of 
heavy pollution in the Huntington engineer district are the northern 
part of the Muskingum Basin and the lower Kanawha River from © 
Charleston downstream. The remaining parts of the Muskingum 
and Kanawha River Basins as well as the Little Kanawha, Hocking, 
Guyandot, and Big Sandy Basins and the minor tributaries are 
relatively clean. A number of the streams are polluted locally by 
mine drainage and untreated sewage but the communities are not 
large and the streams generally have sufficient natural alkalinity so 
that the effects of mine acid are not felt in the larger streams. 

The upper Tuscarawas, headwater stream of the Muskingum River 
Basin, and some of its tributaries are heavily polluted by sewage and 
industrial wastes although steps have been taken to correct con- 
ditions. Waste salts on the upper Tuscarawas make that stream 
unsuitable as a source of water supply and for some other purposes 
for many miles. Chemical plants along the Kanawha River in the 
Charleston area are among the largest sources of pollution in the 
Ohio Basin. These wastes, together with untreated sewage from the 
cities in the same area, cause nuisance conditions in the river and 
serious taste and odor difficulties at water supplies downstream. 
Low-flow control by the Bluestone Reservoir now under construction 
on the New River will be of supplementary value in abating organic 
but not taste and odor pollution from this area. 

Cincinnati district (Scioto, Little Miami, Licking, Miami, and 
Kentucky River Basins)—More than 80 percent of the sewage from > 
communities on tributaries in the Cincinnati engineer district is 
treated. The most heavily polluted tributary in the district is the 
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lower Miami River. Two of the larger cities on the lower Miami 
discharge untreated sewage, but a major part of the pollution load 
comes from paper mills. Adequate Soltation abatement will require 
research to develop more efficient methods of treating these wastes. 
Low-flow regulation for pollution abatement does not appear prom- 
ising since present minimum flows are relatively high, and significant 
increases in these flows would require large storage capacities at high 
costs. 

In spite of the recently constructed complete treatment plant at 
Columbus the Scioto River is still polluted. There are many times 
when there is practically no dilution for the treatment plant effluent. 
Low-flow control by the proposed flood-control reservoir on the 
Olentangy River above Delaware would aid considerably in solving 
this problem. Strawboard plant wastes pollute the Scioto below 
Circleville, although the recently completed treatment plant has 
helped the situation. There is an urgent need for improved methods 
of treating these wastes and paper mill wastes. The Licking and 
Little Miami Rivers receive considerable amounts of untreated 
sewage and industrial wastes near their mouths in the Cincinnati 
metropolitan area. These should be intercepted and discharged after 
treatment to the Ohio River. Such a program is under way on the 
Little Miami. The outstanding sources of pollution in the Kentucky 
River Basin are distilleries, a number of which need improved waste 
disposal facilities. In general, the Licking, Kentucky, and Little 
Miami are relatively clean streams. 

Louisville district (Salt, Green, and Wabash River Basins).—The 
Wabash River is the largest stream in the Louisville engineer district 
and the only one with a major pollution problem. The Salt and Green 
River Basins are relatively clean although some of the distilleries in 
the Salt Basin have inadequate waste-disposal facilities. 

About three-quarters of the sewage from communities in the Wabash 
River Basin is treated. The largest municipality discharging un- 
treated sewage is Terre Haute. Industrial wastes, particularly from 
vegetable canneries and strawboard plants, cause the most serious 
problems at present. The West Fork of White River is rather heavil 
polluted by wastes from Indianapolis, Muncie, and Anderson, al- 
though all of these communities have sewage-treatment plants. There 
are no suitable reservoir sites above these cities which could be used 
for low-flow control. Improvements to the Indianapolis treatment 
plant are needed to improve conditions in the West Fork. 

Nashville district (Cumberland and Tennessee River Basins).—More 
than half of the pollution load in the Cumberland Basin enters the 
main stream in the vicinity of Nashville, the only large city in the 
basin. About one-half of the sewage outside of Nashville is treated 
at present. Under present unregulated flow conditions, secondary 
treatment would be required at Nashville in order to maintain satis- 
factory stream conditions. Upon completion of the Wolf Creek 
Reservoir, now under construction on the upper Cumberland, the 
minimum flow at Nashville will be sufficient to permit maintenance of 
satisfactory conditions with only primary treatment. 

The Tennessee River Basin is a predominantly rural area which is 
experiencing a considerable industrial development due in a large 
degree to the program of the Tennessee Valley Authority. Scant 
progress has been made toward pollution abatement. The largest 
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cities and principal industrial centers are Chattanooga, Knoxville, 
and Asheville, all of which discharge sewage and other wastes without 
treatment. Most of the other important sources of pollution are on 
tributary streams in the upper half of the basin. Pulp, paper 
chemical, and textile wastes account for the bulk of the industrial 
waste load. 

The program of the Tennessee Valley Authority has increased the 
low flow of the main stream and some of the tributaries, and further 
increases will result from reservoirs now under construction and those 
proposed but, with the exception of Chattanooga and Knoxville, the 
important sources of pollution are upstream from reservoirs and will 
not be helped by the increased flow. Additional effort is needed to 
improve methods now available for treating some of the industrial 
wastes. 

The problem of financing the necessary facilities has always been 
one of the principal deterrents to pollution abatement. The effec- 
tiveness of grants-in-aid and low interest loans in accelerating such 
work has been proved by the experience of the past 7 years. It seems 
doubtful that any such rapid progress. will continue without aid from 
either the Federal or the State Governments. 

Table 1 summarizes some of the more important facts about the 
Ohio Basin. The cost estimates of waste-treatment facilities include 
both interceptors and treatment plants. The estimated capital cost 
of the suggested program, including a mine sealing program, is approxi- 
mately $180,000,000 and annual charges for operation, interest, and 
amortization approximately $18,500,000. Cost estimates are based 
on average experience from 1928 to 1940. Cost for 1942 would be 
considerably higher and future costs will probably be subject to further 
change, depending upon fluctuations in construction costs for this 
type of work. 
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INTRODUCTION 
AUTHORIZATION 


The investigation of pollution in the Ohio River Basin has been 
made in compliance with section 5, River and Harbor Act, approved 
August 26, 1937, which reads in part as follows: 


Src. 5. That the Secertary of War is hereby authorized and directed to cause a 
survey to be made of the Ohio River and its tributaries to ascertain what. pollutive 
substances are being deposited, directly or indirectly, therein and the sources and 
extent of such deposits, and with a view to determining the most feasible method of 
correcting and eliminating the pollution of these streams. 

The survey herein authorized shall include comprehensive investigations and 
studies of the various problems relating to stream pollution and its prevention and 
abatement. In making these investigations and studies, and in the development 
and formulation of corrective plans, the Secretary of War may, with the approval 
of the Secretary of the Treasury, secure the cooperation and assistance of the 
Public Health Service, and may allot funds from the appropriation hereinafter 
designated to pay for such cooperation and assistance. The survey shall be 
completed as soon as practicable after passage of this act, and the Secretary of 
War shall report the results thereof to the Congress, together with such recom- 
mendations for remedial legislation as he deems advisable. 


ORGANIZATION 


In approving this section of the act, the President advised the 
Secretary of War that he desired the appointment of a committee to 
supervise the survey, the committee to be composed of a representative 
of the Army Engineer Corps, the Public Health Service, and a non- 
Government expert to be selected by the other two members. Pur- 
suant to this recommendation, the survey has been made under the 
general supervision of a committee composed of Brig. Gen. Max C. 
Tyler, later succeeded by Maj. Gen. T. M. Robins, representing the 
Corps of Engineers, United States Army; Sanitary Engineer Director 
R. EK. Tarbett, representing the Public Health Service; and Dr. Abel 
Wolman, Johns Hopkins University, selected as the non-Government 
expert. : 

Under this committee, data on sources of pollution and laboratory 
data have been collected by the United States Public Health Service 
and hydrometric data have been collected by the United States 
Engineer Department. 

The attached organization chart gives in detail the plan of operation 
for the conduct of the survey. 


Ou1o River Potiutrion Survey 


(Total personnel, 96) 
TECHNICAL STAFF 


Office of stream sanitation (38): 
Cincinnati headquarters (15): 

Crohurst, H. R., sanitary engineer director (deceased). 
Tisdale, Ellis S., sanitary engineer (reserve). 
LeBosquet, M., Jr., senior public health engineer. 
Hollis, Mark D., passed assistant sanitary engineer. 
Woodward, Richard L., associate public health engineer, 
Weibel, Samuel R., associate public health engineer. 
Eiffert, William T., assistant public health engineer. 
Palange, Ralph C., assistant sanitary engineer (reserve). 
Draftsmen (2). ! 
Stenographers and clerks (5), 


t 
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Office of stream sanitation (38)—Continued. 
Field engineers, first year (8): 
McCallum, Gordon E., associate public health engineer. 
Poston, Richard F., associate public health engineer. 
Keatley, Charles R., associate public health engineer. 
Yaffe, Charles D., assistant public health engineer. 
Freeman, Archie B., assistant publie health engineer. 
Reed, George D., assistant public health engineer. 
Solander, Arvo A., assistant public health engineer. 
Bourne, H. Gardner, Jr., assistant chemical engineer. 
Additional field cngineers, second year (15): 
Haney, Paul D., assistant sanitary engineer (reserve). 
Seufer, Paul E., assistant sanitary engineer (reserve). 
Spencer, Charles C., assistant sanitary engineer (reserve). 
Pearl, Emanuel H., assistant public health engineer. 
Flanagan, Joseph E., Jr., assistant sanitary engineer (reserve). 
Johnson, Ralph J., assistant sanitary engineer (reserve). 
Porges, Ralph, assistant sanitary engineer (reserve). 
McKinstry, Edward N., assistant public health engineer. 
Murray, William C., assistant public health engineer. 
Clark, Sterling M., assistant sanitary engineer (reserve). 
Joseph, Edwin B., assistant sanitary engineer (reserve). 
Okun, Daniel A., assistant sanitary engineer (reserve). 
Raneri, Ray, assistant sanitary enginee: (reserve). 
Rostenbach, Royal E., assistant chemical engineer. 
Terrill, James G., Jr., assistant sanitary engineer (reserve). 
Stream pollution investigations station (58): 
Cincinnati headquarters (21): 
Hoskins, J. K., sanitary engineer director succeeded by Hasseltine 
H. E., medical director. _ 
Streeter, H. W., sanitary engineer director. 
Forsbeck, Filip C., surgeon.! 
Wheeler, Ralph C., surgeon (reserve), 
Brinley, Floyd J., associate biologist. 
Caravan Charles T., public health engineer. 
DeMartini, Frank E., associate public health engineer. 
Burns, William E., junior bacteriologist. 
Ettinger, Morris B., assistant sanitary chemist. 
Katzin, Leonard I., junior aquatic biologist. 
Chambers, Cecil W., junior sanitary bacteriologist. 
Draftsman (1). 
Statistical clerks (4). 
Laboratory attendants (4). 
Sample collector (1). 
Motorboat operator (1). 
Field laboratories (37): : 
Monroe, Stanley G., associate public health engineer. 
Levine, Benjamin §., bacteriologist. 
Chapman, Charles R., passed assistant sanitary engineer (reserve). 
Fittro, Louis L., assistant sanitary engineer (reserve). 
Kass, Edwin A., assistant sanitary engineer (reserve). 
MeNair, John C., assistant chemical engineer. 
Walker, William W., assistant sanitary chemist. 
Cohen, Stuart, junior chemist. 
Megregian, Stephen, junior chemist. 
Middleton, Francis M., junior chemist. 
Norris, Francis I., junior chemist. 
Pettijohn, O. Glenn, junior chemist. 
Snider, Ross A., junior chemist. - 
Lucht, Robert A.. junior chemical engineer. 
Laboratory attendants (9). 
Sample collectors (9). 
Shipkeepers (3). 
Motorboat operators (2). 


1 Deceased. . 


’ Nore.—Official designations apply to the last day of each person’s connection with the Ohio River 
Pollution Survey. , apse 
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OHIO RIVER POLLUTION CONTROL iy ae 


REPORT 


In presenting and discussing the data collected, this general section 
is followed by summaries covering the main Ohio River, minor tribu- 
taries, and the individual major tributaries. Each summary follows 
a generally uniform pattern. A number of supplements of general 
interest on various phases of the work are bound separately. 


SURVEY METHODS 


The data collected by the Ohio River Pollution Survey comprises 
three principal types of information: 


1. Data on sources of pollution. 
2. Laboratory data. 
3. Hydrometric data. 


Data on sources of pollution were obtained by engineers working 
at, and out of, 11 field stations maintained for varying periods of time 
in the offices of State health departments and of the ‘l'ennessee Valley 
Authority. Surveys were made of some 3,700 municipalities and 1,800 
industrial plants. 

Special studies of industrial wastes were made in cooperation with 
the cities of Cincinnati and Louisville, the State of West Virginia and 
the Tennessee Valley Authority. These studies were of value, not 
only in showing the character and amount of wastes discharged at 
the plants studied, but also in estimating the effect of wastes from 
similar plants elsewhere in the basin where less detailed information 
was available. A special field unit surveyed the acid mine drainage 
problem and determined the amount and distribution of this type of 
waste. 

Correlated work included the preparation of Industrial Waste 
Guides containing information on industrial plant processes and prac- 
tices, the quantities and strength of wastes for representative plants, 
waste treatment and recovery practices and their effectiveness in 
reducing pollution; an investigation of pollution abatement laws in 
the various States, their administration, and effectiveness; a study of 
the cost of construction and operation of waste-treatment plants both 
for municipal and industrial wastes; a study of damages caused by 
water pollution; an investigation of soil erosion and its relation to 
water pollution; studies of population distribution and trends, of the 
physiography, climate, cultural and economic background of the 
basin as it might affect future pollution or abatement. _ 

The major part of the laboratory data was obtained by physical, 
chemical, and bacteriological tests on samples of water from some 
2,000 points on streams in the Ohio River Basin. The sampling points 
were located so as to give a representative picture of the quality of the 
streams of the basin and the effect of waste discharges on water 
quality. More than 71,000 samples were examined and some 131,000 
tests made. Laboratories were located at the United States Public 
Health Service Stream Pollution Investigations Station at Cincinnati, 
the quarterboat Kiski, loaned by the United States Engineer Depart- 
ment and equipped for laboratory work, and at 6 mobile laboratories 
in automobile trailers... The Kiski and the trailer laboratories were 


1 Public Health Reports, April 11, 1941, pp. 754-760 (Reprint No. 2259). 
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moved from place to place as the work required and samples collected 
and brought to the laboratories by automobile and motorboat. 

Laboratory work was begun in 1939 and the area from the mouth 
of the Kanawha River to the mouth of the Kentucky River was sur- 
veyed during that year. The survey, which had originally been 
planned to continue for 3 years, was then shortened to 2 years because 
of the defense emergency. As a result the data on the upper and 
lower thirds of the basin are less extensive than was originally planned. 

The attached table shows the routine laboratory examinations 
which were made and a brief explanation of each. Special laboratory 
tests made from time to time on selected samples have included 
nitrites, nitrates, acidity to phenolphthalein (hot and cold), total 
hardness and phenol content. 


OHIO RIVER POLLUTION CONTROL 


TaBLE 2.—Ohio Basin: Significance of various physical, chemical, and bacterio- 
logical tests used in Ohio River pollution survey 


Test Explanation 


PHYSICAL AND CHEMICAL TESTS 


Governs the solubility of oxygen and influcnces rates of purification. 

An index of the density of silt or other suspended matter carried by the stream. 

Or i sycatas concentration, indicates the relative acidity or alkalinity of a 
water. 

Pepeormts the content of carbonates, bicarbonates, hydroxides, and occasion- 
ally borates, silicates, and phosphates. 

Represents the concentration of suspended matter, in terms of dry solids, and 
is a rough index of the organic waste material present. 

Essential to natural purification of streams and the maintenance of aquatic life, 
is drawn upon to support biochemical oxidation of organic waste and is re- 
placed by absorption from the atmosphere and the photosynthetic action of 
some water plants including algae. A deficiency in dissolved oxygen below 
the saturation level indicates the presence of polluting organic substances 
which are absorbing oxygen from the stream water. The degree of this de- 
ficiency is a measure of the deoxygenating effect of the polluting matter and 
hence an index of the degree of pollution in a particular stream zone. 

Indicates the amount of dissolved oxygen which may be expected to be asborbed 
from the stream water in 5 days at 20° C. to support the biochemical oxidation 
of the organic pollution carried by the stream at the point of sampling. 


; 


1. Temperature.._---..- 
o> Turbidity sresic-s34. 
OF Die G cose. basa. 529 


As ATRalinity. . 5. -=222 
§. Total and_ volatile 


suspended matter.! 
6. Dissolved oxygen_---- 


7. Five-day biochemical , 
oxygen demand at 
20° C. 


BACTERIOLOGICAL TESTS 


8. Total count on agar 
in 24 hours at 37° C.! 


9. Coliform bacteria (de- 
termined by stand- 
ard fermentation 
tube test at 37° C.). 


10. Coliform bacteria (de- 
termined by direct 
late count on bril- 
iant green lactose 
bile at 37° C.). 


Considered in conjunction with the coliform bacteria the plate count is of value 
eee pen indication of pollution and as a rough measure of natural stream 
purification. 

Expressed as “‘most probable number’? (M, P. N.). This test is the most 

elicate and specific test for pollution by sewage as it shows the approximate 
density of a group of bacteria which are always present in large numbers in 
sewage and are relatively few in number in other stream pollutants. Coli- 
form bacteria are normal inhabitants of the intestines of warm-blooded ani- 
mals and are discharged in large numbers in human feces, which constitute 
the principal source of these bacteria in sewage. 

Utilizes the plate count method, rather than the fermentation tube method, 
for the determination of coliform bacteria using a culture medium selective 
for this type of organism. 


1 Discontinued as a routine test at the end of 1939. 


Recognizing the importance of standard techniques to secure com- 
parable results from the several laboratories, systematic and thorough 
instruction in standard methods of water analysis, covering a period 
of from 4 to 6 weeks, was given to all laboratory personnel, at the 
Cincinnati laboratory, prior to detail in the field. Frequent checks 
were made to observe methods and results and to correct any incon- 
sistencies in technique. Memoranda to personnel covering labora- 
tory methods are included in a supplement to this report. 
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In addition to the routine stream-sampling program, a number of 
special investigations were made. These include an investigation of 
water quality requirements for various water uses; an epidemiological 
study of outbreaks of intestinal diseases suspected of being water- 
borne; a biological study of the effects of pollution on plankton and 
higher forms of aquatic life, notably fish; a controlled study to meas- 
ure the effect of complete and partial mine sealing on streams; studies 
of tastes and odors in water supplies along the lower Kanawha, the 
‘Mahoning and Beaver Rivers, in cooperation with the State Health 
Departments of Ohio, Pennsylvania, and West Virginia; and studies 
of mud deposits behind the navigation dams on the main Ohio River. 

All hydrometric data were obtained by the division engineer’s office, 
United States Engineer Department, Ohio River Division, with the 
assistance of the five district engineer offices in the basin. In addition 
to the operation of the regular stream-gaging stations, the work 
included the measurement or estimation of stream flows at each sam- 
pling station on the days when samples were collected; compilation of 
monthly flows during the summer months for the entire period of 
record at selected stations and preparation of frequency curves of low 
flows; studies of water velocities and times of flow in the main Ohio 
River and certain tributaries; and studies of possible modification of 
flow conditions by proposed flood-control reservoirs. 
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DESCRIPTION 


The Ohio River Basin (fig. 1) includes 203,900 square miles, about 
7 percent of the continental United States. It extends into 14 States. 
The river originates at the confluence of the Ailegheny and Monon- 
gahela Rivers in Pittsburgh and flows generally southwest for a dis- 
tance of 981. miles to its confluence with the Mississippi River at 
Cairo, Ill., It is the second largest tributary of the Mississippi but the 
largest contributor to its flow. g 

Besides the Allegheny and Monongahela Rivers, the larger tribu- 
taries are the Beaver, Muskingum, Hocking, Scioto, Little Miami, 
Miami, and Wabash Rivers entering from the north, and the Little 
Kanawha, Kanawha, Guyandot, Big Sandy, Licking, Kentucky, Salt, 
Green, Cumberland, and Tennessee Rivers entering from the south. 
The various tributary basins are outlined on figure 1 and their drainage 
areas are shown in table 1. 

Topography.—Three major physical divisions characterize the Ohio 
Basin, the Appalachian Highlands in the east, the Interior Plateau in 
the southwest and the Interior Plains in the northwest. The Appla- 
chian Highlands include practically all of the area draining to the Ohio 
above the Scioto River as well as the headwaters of the Licking, 
Kentucky, and Cumberland Rivers and the upper half of the Ten- 
nessee River. The land is generally hilly or mountainous with steep 
slopes and narrow stream valleys. ‘The Interior Plateau includes the 
area south of the Ohio River and west of the mountains and small 
parts of southern Ohio, Indiana, and Illinois. The hills in this section 
are lower and less steep than in the highlands and the stream valleys 
generally wider. The well-known bluegrass section of Kentucky 
and the Nashville Basin in Tennessee are the most highly developed 

arts of the Interior Plateau. The Interior Plains include most of the 
and north of the Ohio River and west of the highlands. The land is 
level or gently rolling. Practically all of this section has been covered 
by glaciers and most of the land is fertile and well suited to agriculture. 
It is the principal farming section of the Ohio Basin and constitutes 
the eastern third of the Corn Belt. 

Geology.—Limestones and shales are the most common bedrocks of 
the basin. The principal mineral resource is coal which underlies 
much of the highland section. (See fig. 3.) Coal is also mined in 
western Indiana, Kentucky, and in Illinois. 'The Ohio Basin accounts 
_ for about 80 percent of the total national coal production. Petroleum 
and natural gas has been developed in the Appalachian fields of New 
York, Pennsylvania, Ohio, West Virginia, Kentucky, and Tennessee, 
in western Ohio, northeastern and southwestern Indiana; and in 
central and southern Illinois. In recent years the development of the 
southern Illinois oil field has made that State the second largest oil- 
producing State in the country. Other minerals of commercial im- 
portance include building stone, phosphate rock, various types of clay, 
sand, gravel, rock asphalt, and fluorspar. 

Climate.—The climate of the basin is temperate and continental and 
well suited to various types of agriculture. Mean annual temperatures 
vary from 40°F. in the north to over 60°F. in the south. (See fig. 4.) 
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Extremes of —35° F. and over 100° F. have been recorded. Mean 
annual rainfall varies from about 36 inches in the north to 60 inches in 
the southeast. (See fig. 5.) 

Run-off —On an average about one-third to one-half of the rainfall 
appears as stream flow but this is subject to extreme variations. The 
flow of the Ohio River at the mouth has varied from as little as 20,000 
cubic feet per second to as much as 1,850,000 cubic feet per second, 
with the average being about 250,000 cubic feet per second. The 
winter and early spring months are usually the period of high run-off. 
Major Ohio River floods have almost always occurred between January 
and the middle of April. The streams usually fall with the advent 
of the growing season. May and June are usually months of moder- 
ately high flow and the Jow-flow season includes the months from July 
through October or November. The minimum flows usually occur 
in September or October. . ) 

The 10 years from 1930 to 1939 included a number of notably dry 
years. The summer and fall months of 1930, 1932, 1934, 1936, and 
1939 were among the driest in various parts of the basin. During 
1930 the drought was particularly severe and general. The Ohio © 
River and most of its tributaries experienced their lowest flows of 
record during the late summer and early fall months of 1930. The 
drought continued throughout much of the winter and into the early 
months of 1931. 

Population.—The population of the Ohio Basin in 1940 was approxi- 
mately 18,800,000, of which about 44 percent was classified as urban 
and 56 percent as rural. This represents a population density of © 
more than twice the national average. The basin is somewhat less 
urbanized than the Nation as a whole where about 56 percent of the 
population is urban. Table 1 shows the distribution of population 
by basins and States. Figure 6 shows the increase in population for 
the years 1890 to 1940, and figure 7 shows the distribution of urban 
population for the same years. The northern and eastern parts of 
the basin are more densely populated and more highly urbanized 
than the southern and western parts but in recent years the rate of 
growth has been more rapid in the Southern States than in the north. 

Navigation.—The Ohio River has been canalized, 46 locks and dams 
now providing a 9-foot channel at low water. Most of these dams 
are movable, that is, when not needed during periods of high flow 
they are dropped to the bottom of the river and boats can pass over 
them without going through the locks. Four of the dams are fixed 
and boats must use the locks at all times. These four are the Ems- 
worth, Dashield’s and Montgomery Island Dams at the upper end of 
the river near Pittsburgh and the Gallipolis Dam below the mouth 
of the Kanawha River. 

In addition to the main stream most of the larger tributaries have 
been canalized for varying distances. Almost 2,000 miles of the 
Allegheny, Monongahela, Muskingum, Little Kanawha, Kanawha, 
Big Sandy, and its tributaries (Tug Fork and Levisa Fork), Kentucky, 
Green, and its tributaries (Barren and Rough Rivers), Cumberland, 
and Tennessee have been improved for navigation. 

The facilities on most of these streams are not extensively used but 
the Monongahela River is one of the most heavily traveled inland 
waterways in the world and the Allegheny also carries a large amount 
of freight in the vicinity of Pittsburgh. 
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Name Major Ownership Capacity 

Purposes Acre -Feet 
Tionesta F F 125,600 
Piney P P 28,200 
Mahoning Gr. F F 69,500 
Grooked Cr. F F 89,500 
Loyalhanna F F 93,500 
Quemohoning I P 31,800 
Youghiogheny FA F 249000 
Deep Cr. P P 106,000 
Lake Lynn P P 72,300 
Tygart FN F 278,800 
Pymatuning FIA Ss 197,000 
Meander Cr. M D 32,400 
Milton 1A M 23,000 
Berlin FIA F 71,000 
Atwood F 7q 49,700 
Beech City F F 7 1700. 
Bolivar f F 149.600 
Charles Mill a F 88,000 
Clendenin F F 54,000 
Dover F a 203,000 
Leesviile F F 37,400 
Mohawk F r 285,000 
Mohicanville J F 102,000 
Piedmont r re 65,000 
Pleasant Hill F F 87,700 
Senecaville F F 88,500 
Tappan F F 61,600 
Wills Cr. F F 196,000 
Bluestone FP F 609,400 
Cloytor r P 225,000 
O’Shaughnessy M M 16,400 
Germantown F D 106 000 
Englewood F D 312,000 
Taylorsvitie a 13) 186,000 
Huffman F D 167,000 
Loramie F D 70,000 
Dix P P 300,000 
Wolf Gr. FP F 5,782,000 
Dale Hollow FP F 1,639,000 
Center Hill FP F 2,032,000 
Great Falls P F 54,500 
Kentucky NFP id 6 100,000 
Pickwick Landing NFP F 1,091,000 
Wilson NP F 535,000 
Wheeler NFP F 1,150,000 
Guntersville NFP Z | 018,700 
Hales Bar NP F 128,800 
Chickamauga NFP a 705,000 
Watts Bor NFP di | 132,000 
Ft.Loudon NFP F 365,500 
Norris FP F 2,567,000 
Apalachia P F 50,000 
Hiwassee No.! FP F 438000 
Ocoee P F 76,600 
Blue Ridge P F 197,500 
Nottely P F 190,000 
Chatuge P r 240,000 
Calderwood P P 34,000 
Cheoah P P 31,000 
Fontana FP Zi 500,000 


FIG.-8 


Continued 
Nome Major Ownership Capacity 
Purposes Acre—Feet 
Santeetiah P P 156,000 
Nantahala P P 140,000 
Glenville P P 71,000 
Cherokee p F 1,640,000 
S.Holston P F: 680900 
Watauga P F 627,000 
Douglas - r 1,260,000 
Waterville P ad 25,000 
Nolichucky P P 
LEGEND 
Major Purposes Ownership 
F — Flood Gontrol F — Federal 
P — Power S- State 
M-— Municipal W.S. M— Municipal 
| — Industrial W.S. DO - Public District 
N — Navigation ‘ P — Private 
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PROPOSED FLOOD-CONTROL AND 
MULTIPLE-PURPOSE RESERVOIRS ep baie 
IN OHIO VALLEY FLOOD CONTROL 


PLAN 

Allegheny 97 Deloware 
French Creek 98 Big Darby 
Red Bank Creek 99 Deer Creek 
Conemaugh 100 Paint Creek 
West Fork 101 Rocky Fork 
Shenango 102 Caesor Creek 
Mosquito Creek 103 East Fork 
Eagle Creek 104 Falmouth 
Millersburg 105 Cave Run 
Frazeysburg 106 Metamora 
Dillon 107 Brookville 
Burnsville 108 Buckhorn 
Steer Cr. 109 Booneville 
West Fork ane) Jessamine Creek 
Logan Vt Rough River 
Poca 112 Mining Gity 
Birch 3 Nolin River 
Clendenin 114 No.2 Barren 
Summersville 15 No.2 Green 
Big Bend 16 Mansfield 
Moores Ferry 117 Ca8ies Mill 
Mud River 118 Spencer 

East Lynn 9 Shoals 
Dewey 120 Wolf Creek 
Fishtrap 121 Rossview 
Clintwood 22 Three Islands 
Haysi 123 Stewarts Ferry 
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Flood control.—The acute need for flood control on the Ohio River 
and its tributaries was brought to national attention by the disastrous 
floods of 1936 and 1937. Prior to that time a number of flood-control 
projects had been initiated locally, notably those of the Miami and 
Muskingum Conservancy Districts. The Tennessee Valley Authority 
and the United States Engineer Department also had constructed 
some reservoirs and other works for flood control. Following the 
floods of 1936 and 1937 the Congress authorized the construction of a 
comprehensive system of reservoirs on Ohio River tributaries and 
numerous levees and walls for flood protection. Figure 8 shows the 
location of existing flood-control reservoirs, those under construction 
and projects being studied. Because major floods usually occur 
during the winter and early spring, it may be possible to use some of 
the storage capacity at a number of these reservoirs for low-flow regu- 
lation during the summer and early fall months. 

Hydroelectric power.—The largest hydroelectric developments in 
the basin are on the Tennessee River and its tributaries. The 
Kanawha and New Rivers also are the sites of several power projects. 
Others are on the Ohio River at Louisville, the Clarion River, a 
tributary of the Allegheny, the Youghiogheny, and Cheat Rivers, 
tributaries of the Monongahela, Dix River, a tributary of the Ken- 
tucky and the Tippecanoe River and East Fork of White River, 
tributaries of the Wabash. Two large flood-control reservoirs with 
excellent power possibilities are under construction at present. 
These are the Bluestone Reservoir on the New River and the Wolf 
Creek Reservoir on the Cumberland. 

The power facilities of the Tennessee Valley Authority are being 
expanded rapidly and a number of new projects are under construction. 
The installed capacity of the entire system is approaching 1,500,000 
kilowatts. 

Low-flow control.—Pymatuning Reservoir on the Shenango ‘River 
and Milton Reservoir on the Mahoning River, both tributaries of the 
Beaver, are the outstanding examples of projects built primarily for 
low-flow control. Both of these streams are used as sources of indus- 
trial water supply by the steel industry and the reservoirs were built 
to relieve the acute shortage which occurred almost every summer. 
The Tygart River Reservoir, a multiple-purpose project on a tribu- 
tary of the Monongahela, was built by the United States Engineer 
Department to insure an adequate flow for the maintenance of naviga- 
tion on the Monongahela in addition to providing flood control. 

Recreation.—An increasing demand for water recreational facilities 
has been apparent in recent years. The extensive use of the recently 
completed reservoirs of the Tennessee Valley Authority and the Mus- 
kingum Conservancy District, as well as other bodies of water in the 
Ohio Basin indicates the need for such recreational areas. Many of 
the streams also are used by large numbers of people for fishing, 
boating, and swimming in spite of pollution which often makes 
swimming unsafe. 

Water supplies —Of the 2,000 public water supplies in the basin, 634 
serving more than 7,000,000 people are from surface sources. Many 
of these surface water supplies are from unpolluted streams or from 
impounding reservoirs which collect the run-off from relatively small 
rural areas but 294 supplies, including most of the larger ones, are — 
from streams or reservoirs subject to some sewage pollution. These 
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supplies serve more than 5,800,000 people. Practically all of these 
supplies are filtered and chlorinated and a number of them are so 
highly polluted that special treatment has been found necéssary in 
order to pone a satisfactory finished water. Even after careful . 
and complete treatment, many of the supplies are unpalatable because 
of obnoxious tastes which cannot be completely removed by normal 
treatment processes. Table 1 shows the number of supplies and the 
population served and figure 9 shows the location and size of water 
supplies. : 

Industrial water demands exceed in quantity the demands for the 
municipal supplies. Steel, chemical, textile and paper plants, dis- 
tilleries, and railroads are among the largest water users and although 
bacterial quality is seldom of great importance except in the prepara- 
tion of food products many of the industries require water of special 
and uniform chemical quality. 


Sourcrs or PoLLuTION 
SEWAGE 


- About 940,000,000 gallons of sewage enter the streams of the Ohio 
Basin each day. About one-third is treated to reduce its objection- 
able characteristics and the remainder is discharged untreated. Data 
on sewerage and sewage treatment are shown in table 1. Figure 10 
shows the location of the principal sources of organic wastes including 
both sewage and industrial wastes. 

Techniques for the removal or oxidation of the organic matter and 
for the destruction of bacteria in sewage are well developed and it is 
possible to achieve almost any desired degree of purity of the effluent 
from a sewage-treatment plant. The most common yardsticks for 
measuring the efficiency of treatment are removal of biochemical oxy- 
gen demand and suspended solids. The most common types of 
sewage-treatment plants. remove from 35 to 90 percent of the bio- 
chemical oxygen demand. Their efficiency in bacterial removal is of 
the sdme order of magnitude. So-called “primary”’ treatment plants 
reduce the pollution load by about 35 percent on an average. ‘‘Secon- 
dary” or ‘‘complete” treatment plants usually reduce the pollution 
load by about 85 percent although there are a number of plants which 
average from 90 to 95 percent removal of biochemical oxygen demand. 
Other types of plants have efficiencies between those of ordinary pri- 
mary and secondary treatment. Bacterial removal can be increased 
most effectively and economically by chlorination of the effluent from 
one of the above types of treatment plants. The cost of such dis- 
infection is relatively small as compared with other treatment costs. 

It is not necessary, nor would it be economically justified, to provide 
complete treatment for all sewage. The capacity of streams to 
purify themselves is a valuable and usable asset. The necessary de- 
gree of treatment depends on the self-purification capacity oi the stream 
or streams involved and the necessary standard of water qualiiy to 
_ avoid undue interference with normal water uses. The effects of 
industrial and mining wastes often play an important part in de- 
termining the necessary degree of treatment. In some instances the 
problem is one of primarily local interest and importance. In other 
instances large streams, large areas, or large numbers of people are 
involved and the problem assumes regional importance. 
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Figure 11 shows the progress that has been made in sewage treat- 
ment in the Ohio Basin since 1900. Prior to that time only two cities 
in the basin, Canton and Alliance, Ohio, had sewage-treatment plants 
other than a septic tank. The years from 1900 to 1920 saw the in- 
vention or introduction of the principal treatment devices in common 
use today. The years since 1920 have witnessed vast improvements 
in details and an increasing trend toward mechanization of plants. 
Steady progress at an almost constant rate was made in the construc- 
tion of sewage-treatment works during the years prior to 1925. 
During the boom years in the latter part of the 1920’s the rate accel- 


erated but during the depression years from 1930 to 1934 such con- - 


struction was practically at a standstill. The effect of various Federal- 
aid programs is shown by the greatly accelerated progress during the 
years from 1935 to 1940. As much progress has been made during 
these 6 years as had been made prior to 1935. 

The cost of a suggested basin-wide program of sewage treatment is 
shown intable1. The following data show the approximate number of 
plants that would be in operation upon completion of such a program, 
their capacity, and cost: 


_ Primary Secondary Total 
Number Ol plants). eer ere eee eat 650 1, 350 
Capacity (million gallons per day)---------.....-......-..-.-- 53 1, 385 
SG Tek ec ees es beeen an cee chad adi scden cone $61, 000,000 | $58,000,000 | $119, 000, 000 


1 These costs do not include interceptors. 


These data indicate that the program is now about one-third complete. 
A continuation of the rate of progress made during the period 1935 
to 1940 for 20 more years would be required to complete the suggested 
program. There are no technical or engineering reasons which would 
prevent completion of the presented program in 10 years or even less. 
In the few cases where research leading to the development of more 


efficient economical industrial waste-corrective measures has been ~ 


indicated, 10 years should see substantial progress. There are legal 
and administrative barriers which tend to delay the program. The 
principal problem, however, is the financing of the program. 

Upon completion of the suggested program the need for construc- 
tion would be reduced but not entirely eliminated. Since the average 
life of treatment plants in the past has been about 20 years, many of 
the plants already built would need to be replaced and others would 
need major repairs or alterations. Eventually such work would 
probably cost about $6,000,000 per year. 


INDUSTRIAL WASTES 


Table 3 shows the number of plants of each of the principal types 
of industries discharging industrial wastes to the streams of the Ohio 
Basin and the estimated sewered population equivalent based on 
biochemical oxygen demand of the wastes from each type of industry. 
Although no single measure of pollution is applicable to all types 
of ‘industrial wastes the biochemical oxygen demand is the most 
nearly satisfactory. Some industrial wastes contain chemicals which 
are toxic to aquatic life, some increase the acidity, hardness, or 
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salinity of the streams, some cause tastes and odors in water supplies, 
some contain undesirable coloring matter. These characteristics 
require separate consideration in determinmg how and to what 
degree treatment of the wastes is needed. 


TaBiLE 3.—Ohio River Basin: Summary showing industrial wastes not discharging 
to municipal treatment plants, suggested industrial waste discharges to municipal 
treatment plants, and total of entire industrial waste load in the basin 


Industrial waste ; Suggested to munici- 
disposal Estimated pal treatment 
meee, At least pe bebgio 
minor’ | population 
Industry ! Number corrective| equivalent Population 


of plants idchierit ivalent 
Munici- | Private | ™¢asures (biochemi- Number | ¢auivalen 
7 taken | cal oxygen (biochemi- 
palsewers| outlets demand) of plants cal oxygen 
demand) 
Brewing: 253- 2227i-Ceysetds 38 35 |. 3 27 264, 300 37 263, 800 
Byproduct coke-----...____ 23 2 21 17 745, 200 2 24, 300 
Ganming sc st See 218 52 166 160 758, 900 64 310, 300 
Chemical - ----- 65 10 55 36 | 1,880,400, 8 ; 
Distilling - - 67 14 53 53 | 1,009, 700 20 624, 600 
Meat------ 173 76 97 115 385, 700 123 323, 
| oS ee erates 253 130 123 107 85, 100 167 74, 700 
Oil retuatig: 22. se 47 4 43 44 116, 500 2]: 15, 100 
pnOhet a cen sr ce Tc 5 12 47 46 | 1,659, 200 5 31, 
oye) (ea gh etd ea a el it 174 15 159 71 (2) 12 
"Dennings 22s 3523s 32 5 27 13 269, 600 13 55, 400 
eS 2LS P  e 122 57 65 10 335, 100 84 216, 900 
Miscellaneous----.......__- 333 104 229 109 160, 3 89 132, 500 
ok iar ae 1, 604 516 1, 088 808 | 7,670,000 626 2, 211, 000 
Industrial wastes to Cin- 
GNA COWOrs 4o0 2808 tere ee A ee 1; 108; 400 | <2 es 1, 108, 400 
Wastes discharged to mu- é 
ici pel trea iwents Sle i Det a es | ed 15195; 900: ).2.. seed ek ee 
$) ; Votaliforthe basm2i: sign oss Ss) ores. es eee eet ree 9/974, 300: |cb asic 24 3,319, 400 


1 Industries occurring only once in’a basin are included under ‘‘Miscellaneous” in the basin summary but 
are under their proper classification in this table. 

2 336,000 pounds free acid discharged daily in waste pickle liquor. f 

3 Industries not surveyed individually. Population equivalent based on comprehensive sewer gaging 
and sampling program of city. 


Reduction of industrial waste pollution is generally accomplished 
by one or more of the following methods: 

(1) Changes within the plant itself. This may involve reuse of all 
or part of the waste within the plant, development of byproducts, 
changes in plant processes, or merely greater care in plant operation 
to reduce the amount of material discharged as waste. . 

(2) Treatment with municipal sewage. Many industrial wastes 
can. be quite effectively treated in this way. It is often necessary to 
pretreat the wastes at the source or to segregate certain portions of 
the wastes within the plant and exclude these from the municipal 
sewers to prevent damage to sewerage structures or sewage treatment 
processes. 

(3) Treatment in a special industrial waste treatment plant. For 
many types of wastes, such plants employ essentially the same proc- 
esses as sewage-treatment plants. Other types of wastes require 
_ specially developed processes. Most of the plants use the principle 
of sedimentation for removal of settleable solids. 

The first method is usually the most economical and is the one 
generally applied. It is occasionally possible to completely eliminate 
pollution and to recover valuable byproducts by changes within the 
plant but this is not the usual situation. Ordinarily some pollution 
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remains and some expense is involved. The second method is the 
simp'est from the standpoint of the industry. It is also the most 
satisfactory from the standpoint of administration of pollution-abate- 
ment programs since it reduces the number of possible sources of 
pollution and concentrates responsibility for effective waste treat- 
ment. It is usually necessary to make special provisions in the 
design of a municipal sewage-treatment plant if an appreciable 
amount of industrial waste is to be treated. Subsequent changes in 
the industrial waste load sometimes cause difficulties. The third 
method is used when the first is insufficient and the second imprac- 
ticable. In those cases where removal of settleable solids is sufficient 
the problem is not difficult but satisfactory methods for the relatively 
complete removal of biochemical oxygen demand are available for 
only a few of the more common types of wastes such as those from 
breweries, meat plants, milk plants, and some types of canneries and 
distilleries. There is a pressing need for the development of more 
efficient and economical methods for relatively complete treatment of 
other types of wastes. More complete discussions of industrial wastes 
and their treatment are found in the Industrial Waste Guides included 
as a supplement to this report. 

Figure 12 shows the location of industrial plants of various types 
which will probably require individual remedial works and the 
location of industrial plants of all types which can probably be 
connected to existing or proposed municipal-treatment works. 


ACID MINE DRAINAGE 


The problem of acid mine drainage is one of the most pressing in 
the Ohio River Basin. Data relative to the discharge of the present 
acid load of 1,800,000 tons of mine acid per year are presented and 
discussed in a separate section of this report and in a more detailed 
_ supplement. 


Water QUALITY 


As a background for the presentation and discussion of extensive 
laboratory data, particularly in the individual summaries, a dis- 
- eussion of water quality requirements for various uses has been pre- 
pared. This is followed by a discussion of present water quality 
which summarizes briefly the quality of stream water in the basin as 
a whole. More detailed discussion and either individual or monthly 
average results are given in the basin summaries. A detailed out- 
line of methods is presented in a supplement. 


WATER QUALITY REQUIREMENTS 


As a basis of comparing the sanitary conditions in streams of the 
Ohio River Basin from laboratory observations of their waters at 
various points, it is desirable to consider briefly the limiting char- 
acteristics of stream waters in general, when expressed in terms of 
laboratory data, which may serve to distinguish between suitable 
and unsuitable conditions for different water uses. 

Of the more common water uses in the Ohio Basin, the most im- 
portant one is public water supply, because a large proportion of the 
population resident in the basin is dependent on surface sources of 
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water for domestic and other essential uses. Secondary but also 
highly important is the growing use of natural waterways for recrea- 
tion, together with the continuing need for support of fish and other 
higher aquatic life in streams. This latter need, though it bears a 
definite relation to recreational use of streams, is of much broader 
and more fundamental significance, as it has a direct bearing on the 
ability of all natural watercourses to maintain their normal capacity 
for self-purification. 

Among other stream uses which are affected to some extent by 
sanitary conditions are those which have to do with industry, agri- 
culture, navigation and general community development. In a 

broad sense, industrial needs for water are fairly similar to those of 
domestic supply, except that in some instances they have special | 
requirements, either more or less rigid. In the Ohio Basin, agri- 

cultural use of surface water is mainly concerned with stock raising, 
as a large majority of farms have their own private wells for domestic 
supply, and irrigation is not a general problem. Navigation is affected 
by acid pollution and resulting corrosiveness and hardness of stream 
waters for boiler use. It also is adversely affected by gross sewage 
pollution which may cause “nuisance” and sludge banks. Community 
development is hampered, sometimes very materially, by poor sani- 
tary conditions in streams which not only may cause serious damage 
to riparian property values, but also may interfere with the provision 
of desirable water-front highways, parkways, public landings and 
industrial docking facilities. | 

In order to systematize the discussion which follows, it will be 
convenient to consider the requirements for stream waters in terms of 
each separate characteristic as determined by the usual laboratory 
tests. In this connection, it is assumed that the methods of conduct- 
ing the laboratory tests would conform very strictly to those of the 
latest Standard Methods of the American Public Health Associ- 
ation, and the American Water Works Association, as noted elsewhere 
in this report. 

Coliform bacteria.—Bacteria of the coliform group are normal 
inhabitants of the intestinal tract of warm-blooded animals, including 
man, and are present in very high numbers in domestie sewage. As 
an index of sewage pollution, the number of coliform bacteria in a 
stream water is the most sensitive and reliable single determination 
available to the sanitarian. This number may be expressed in terms 
of the older ‘‘Phelps Index’”’ or in terms of the more recent ‘‘most 
probable number’. The latter method of enumeration has been 
followed throughout the present report. 

Although the coliform bacteria number is used as an index of general 
sanitary conditions in natural bodies of water polluted by sewage, its 
more important applications are in judging as to the sanitary fitness of 
water supplies and their sources and of bathing waters. In flowing 
streams, progressive changes in the density of coliform bacteria below 
sources of pollution afford a valuable indication of the extent and 
rapidity of self-purification, after making due allowance for the effects 
of intermediate pollution and dilution. In interpreting the results of 
stream observations, the location of water-supply intakes and bathing 
places with reference to sources of pollution is an important matter 
for consideration in connection with coliform data. 
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Water Supply: Several years ago the Public Health Service con- 
ducted an exhaustive study ? of the limiting densities of coliform bac- 
teria in river and lake waters subjected to various degrees of purifica- 
tion, having particular reference to the production of finished waters 
meeting the bacteriological requirements of the Public Health Services’ 
drinking water standards as promulgated in 1925.2 The results of 
this study indicated that the average efficient water filtration plant, 
with postchlorination of the effluent included, can purify to the 
drinking water standards level a raw water having an average number 
of coliform bacteria up to 50 per milliliter (or 5,000 per 100 milliliters). 
Assuming that a drinking water of standard quality from this stand- 
point were judged on the basis of monthly average results of coliform 
determinations, this would imply that the raw water as delivered for 
treatment should not contain more than 50 per milliliter of coliform 
bacteria, as an average; during any month, if the limit of safe loading 
were not to be exceeded. This limit has been adopted by a number of 
States as a criterion in judging as to the fitness of sources of water 
supply subjected to ordinary filtration treatment for public use. 
Parallel studies indicate that the change from the Phelps Index to the 
most probable numbers has little effect on the conclusions of the 
original studies. / 

From the same study as above noted, two other coliform bacteria 
limits were determined which are of interest in this discussion. One 
was the upper limit of average coliform density, amounting to about 
0.5 per milliliter (or 50 per 100 milliliters) which would permit the 
“nang of an effluent of standard quality by simple chlorination 
alone. 

The second was the observation that when the ordinary filtration 
plant is reinforced by continuous prechlorination of the raw water in 
addition to postchlorination, the permissible maximum limit of coli- 
form density in the raw water may be increased to about 200 per milli- 
liter (or 20,000 per 100 milliliters). In this latter case, however, it was 
observed that raw waters showing monthly average coliform densities 
ranging from 50 to 200 per milliliter are in general unsatisfactory as 
sources of purified water supplies as they are likely to exceed coliform 
densities of 200 with a frequency ranging from over 5 to 20 percent of 
the time and thus overburden even a reinforced filtration plant for a 
correspondingly high proportion of the time. With raw waters 
polluted to this extent, moreover, difficulties of delivering palatable as 
well as safe effluents are increased, because of the presence of taste- 
producing substances originating both in sewage and in certain 
industrial wastes. These waters must be considered, therefore, as 
being of doubtful fitness as sources of water supply. 

From these considerations the following general rules may be 
stated as to the fitness of stream waters as sources of public water 
supply, when related to their average coliform bacteria number during 
any month: 

2 Public Health Bulletins Nos. 172 and 193; eoticd er ag Reports, Reprints Nos. 1114, 1170, 1392, 1434, 


and 1565. U.S. Public Health Service, Washington, 2, 
3 Public Health Reports, April 10, 1925, pp. 699-721, (Reprint No. 1029). 


™“ 


OHIO RIVER POLLUTION CONTROL 171 


Limiting 
average 
monthly coli- j Relative fitness 
form number 
per milliliter 
© t0:0:65.2-..: For purification by simple chlorination. 
0.5 to:50____-- For purification by filtration and postchlorination. 
50 to 200..._-- Doubtful—unfit for ordinary filtration treatment (unsuitable if greater than 200 in more 
than 5 percent of samples). ; 
Over 200-.--- Unfit for treatment. 


Bathing waters: Existing standards of quality for natural bathing 
waters, as distinguished from artificial pools, are highly variable among 
the different States and appear to be governed more by expediency 
than by any well-established observational data. The most reliable 
data bearing on the relation between observed quality of bathing 
waters and sanitary conditions affecting such waters as determined by 
physical surveys have come from Connecticut, where two studies of 
this kind have been made. Winslow and Moxon, * as the result of 
their study of bathing beaches near New Haven, recommended a 
standard providing an average coliform number not over 1 per milliliter 
and a maximum number not over 10. Scott,> on the basis of a survey 
of beaches along the Connecticut shore of Long Island Sound, set up 
four classes of bathing waters, based on coliform numbers. The best 
class, A, showed average numbers from 0 to 0.5 per milliliter. This 
class Scott considered as definitely good; classes B and C, rated as 
doubtful, showed ranges -of 0.51-5 and 5-10, respectively. Class D, 
judged as very poor, gave average numbers over 10. The Tri-State 

ollution Commission has adopted Scott’s class A as the basis of 
requirements for natural bathing waters in the New York area. 

From the evidence above cited, it would appear that the highest 
standard thus far proposed as the result of actual laboratory and 
sanitary surveys would conform to Scott’s class A, though the Winslow- 
Moxon criterion, which also is based on good observational data, is 
nearly as high in its average requirements. For inland streams, the 
Winslow-Moxon standard might appear more reasonable, as it permits 
a degree of variability which is inherent in all stream waters. Bearing 
in mind that the most probable number method of coliform enumera- 
tion tends to give somewhat higher results than does the Phelps index 
method, the Winslow-Moxon criterion, based on most probable 
numbers, would be sufficiently rigid to be comparable to Scott’s class 
A requirement when expressed in terms of the Phelps index. This 
requirement would appear to be a reasonably safe one for bathing 
waters in the Ohio River Basin. 

Dissolved oxygen.—In unpolluted streams, the dissolved oxygen con- 
tent tends to remain at or very near the saturation level. In polluted 
streams, it is depressed temporarily below points at which wastes are 
discharged into the stream, but tends to move gradually upward 
toward the saturation level along the familiar oxygen sag curve. The 
depth of the oxygen depression below saturation at the prevailing 
stream temperature is an index of the intensity of pollution in that 
particular stream zone. In streams only slightly or moderately 

4 Bacterial Pollution of Bathing oe ba we in New Haven Harbor. C-E. A. Winslow and D. Moxon, 


American Journal of Hygiene, 8, 3, 29! , May 1928. 
5 American Public Health Association. Reports of Joint Committee on Bathing Places. 
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polluted, the dissolved oxygen content usually remains above a level — 
of 70 to 80 percent saturation. In grossly polluted streams it may 
reach zero saturation or total depletion, and remain thus throughout | 
stretches of considerable length, particularly in summer low flows — 
where underlying sludge deposits exist. Between these two extremely 
divergent oxygen levels are numerous intermediate ones, indicating 
various gradations of pollution between moderate and gross. 

The minimum oxygen requirements for streams are, in general, 
dependent on the particular uses to which they are devoted, though 
2 or 3 parts per million of oxygen in a stream usually marks the 
extreme minimum level. Septic conditions and general ‘‘nuisance”’ 
follow inevitably the continuance of oxygen levels at or near the 
zero point. 

For maintenance of native fish life Ellis ® states, from studies by the 
Bureau of Fisheries, that an oxygen minimum of 5 parts per million 
is necessary. Although many fish of the more hardy varieties will 
survive at oxygen levels of 4 or even 3 parts per million, he shows that 
the metabolic processes of most common fish are hampered at levels 
below 5 parts per million and points out that the mere survival or 
tolerance level is too low to permit the breeding and self-maintenance 
of the desirable forms of native fish. 

Ellis’ conclusions have been confirmed fully by the biological obser- 
vations made in connection with the present Ohio River Pollution 
Survey.’ These observations, as described in a supplement of the 
present report, have indicated that in regions of heavy pollution, 
with dissolved oxygen below 3 parts per million, fish are mostly 
absent, with occasional carp, buffalo, and sunfish. In zones of inter- 
mediate pollution, with dissolved oxygen, 3 to 5 parts per million, 
fish are more abundant, but ‘“‘showing a tendency to sickness, deform- 
ity, and parasitization.” In fertile zones, with dissolved oxygen 
not below 5 parts per million, it has been observed that “‘fish are 
varied, plentiful, and healthy,” with large numbers of market fish 
present. In game fish zones, where oxygen is always above 5 parts 
per million, and usually near saturation, the presence of bass, perches, 
pike, and forage fish has been noted. 

The striking agreement thus shown between the findings of the 
present survey and those of Ellis from his previous survey would seem 
_ to leave no room for doubt as to the validity of the conclusion reached 
by both observers concerning the desirability of a 5 parts per million 
oxygen minimum in stream zones where the proper maintenance of 
native fish life is an important consideration. 

On the basis of stream uses and conditions, the following summary 
may be given of the oxygen status of streams, from present evidence: 


Minimum daily aver- 
age dissolved oxygen, Stream conditions 
parts per million 


C1 te Ann pe ep eg Cae Heavy pollution, probable nuisance at times, little fish life. 
a ae RSS SR ane Moderate to heavy pollution, no nuisance, fish life restricted to coarse species. 
OWE ste ie i Slight to moderate pollution, fish life varied, abundant, and healthy, game fish 


at higher minimum levels. 


6 Detection and Measurement of Stream Pollution. M. M. Ellis, Bull. 22, U.S. Bureau of Fisheries, 1937. I 
7 Ohio River Pollution Survey; Report of Biological Studies, Supplement F to this report. : 
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In general, the minimum oxygen ranges above given might be con- 
sidered as minimum daily averages. When expressed in terms of 
averages for periods of several days up to a month, it would be 
desirable to add about 1.5 to 2 parts per million to each daily minimum 
figure in order to safeguard against daily variations below the period 
average. Figure 12a, page 174, shows the relationship between 
monthly average and minimum daily dissolved oxygen results based | 
on the results of 7,500 samples collected during the present and 
previous surveys of the Ohio Kiver and its tributaries. In order to 
assure the maintenance of a 5 parts per million daily minimum, a 
period average up to a month would be set at a minimum of 6.5 or 
7 parts per million. 

A possible question might be raised as to whether it may be neces- 
sary or even desirable to maintain a 5 parts per million oxygen mini- 
mum ‘4 all parts of a stream, including limited zones immediately 
belo.y sources of pollution. It may be argued with some reason that 
it is not essential to the general support of fish life in streams to main- 
tain such life unimpaired at all points, so long as the minimum dis- 
solved oxygen does not fall ‘Jelow limits of tolerance for fishes, per- 
mitting them to pass though certain zones in order. to reach their 
normal breeding places. Where sources of pollution are isolated and 
well separated by zones of active stream recovery, it is quite possible 
that an oxygen minimum of 4 parts per million in limited zones 
immediately below each source of pollution would be permissible. 
Where these sources are not isolated but are located so closely together 
that recovery is not possible within a reasonable distance, a definite 
hazard to fish life then may exist, even if a 4 parts per million mini- 
mum is maintained, in preventing the free movement of fish from one 
recovery zone to another. In general, it may be said that a 5 parts 
per million minimum 1s desirable, except where local conditions may 
be favorable to allowing a 4 parts per million minimum in limited 
zones immediately below fairly isolated sources of pollution. 

Biochemical oxygen demand.—In connection with the present sur- 
vey, a marked degree of correlation has been shown. between the 
observed 5-day biochemical oxygen demand of stream waters at points 
immediately below sources of pollution and known densities of pollu- 
tion at these points. A similar correlation has been shown between 
the 5-day biochemical oxygen demand and the numbers of coliform 
bacteria as observed at the same sampling points. In view of these 
relationships, an effort has been made to ascertain, from a study of 
the laboratory data, the approximate ranges of biochemical oxygen 
demand which may serve to distinguish between stream waters of 
various degrees of pollution, such as heavy, moderate, and slight. A 
source of difficulty in this connection lies in the considerable variabil- 
ity with which natural purification appears to affect the observed bio- 
chemical oxygen demand in streams of different sizes. In small and 
shallow streams, observed biochemical oxygen demand tends to dimin- 
ish very rapidly under low-flow conditions, partly because of sedi-. 
mentation, but also probably because of conditions favorable to rapid 
oxidation by growths of bacterial flora resembling activated sludge, 
attached to the sides and bottom of the channel. In larger streams, 
this effect is generally less marked, possibly because of the lesser effect 
of these bacterial growths. 

In general, it has been observed that stream waters in the Ohio 
River Basin only slightly or very moderately polluted tend to show 
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nemical oxygen demand values averaging less than 3 parts 
1, with relatively low numbers of coliform bacteria and dis- 
gen contents ranging above 5 or 6 parts per million. Jn mod- 
luted streams the biochemical oxygen demand may range 
5 parts per million, with correspondingly higher coliform 
nd somewhat lower dissolved oxygen levels, though in the 
exceptions may occur when the observations are made at 
y close to sources of pollution, where the full effect of the 
¢ curve has not yet become manifest. | 
radations in biochemical oxygen demand may, therefore, be 
marized about as follows: . 


Stream conditions 


ey oa Slight to moderate pollution. 
“See Moderate to moderately heavy pollution. 
Seeuee Heavy pollution. 


icating element in interpreting the results of biochemical 
mand tests is found in acid streams receiving mine wastes. 
se conditions little, if any, direct correlation exists between 
seryed biochemical oxygen demand and the density of pollution. 
ge deposits.—Organic sludge deposits may be formed in streams 

esult of discharging raw sewage and certain types of industrial 
. Where present, they tend to impose an added burden on the 
1 resources of a stream and also to exert a very damaging effect 
. lif en present in large amounts, sludge deposits may 
nbout septic conditions, with a consequent breaking down of 
-purification capacity of the stream and depletion of the dis- 
xygen supply in the overlying water. Loss of fish life is due 
sation from oxygen depletion, to toxic effects of heavy pollu- 
d to interference by sludge deposits with the spawning process, 
depends the normal reproduction of fish. An additional 
of extensive sludge deposits is the presence of floating solids and 
bnoxious odors resulting from anaerobic decomposition of the 


hese considerations, it is evident that the maintenance of 
le stream conditions necessitates the practical absence of or- 
ludge deposits originating in sewage and certain types of indus- 
stes. Where these deposits are localized, small in extent, and 
et to frequent removal by the flushing action of increased stream 
‘their effects on a stream may not be very far-reaching. Never- 
s, they are always a detriment and should be eliminated so far- 
ble from streams in which it is desired to maintain healthy 


ty, acidity, and hydrogen ion concentration—The normal 
of streams in the Ohio River. Basin varies widely, even 
omplicated by acidity from mining and steel-mill wastes. 
o River proper and its major tributaries at their mouths, 
ity tends to range from about 30 to 200 parts per million, 
on the geological character of the watershed, and particu- 
stent of limestone formations. In a very few streams near 
ters of some tributaries, normal alkalinities as low as 20, 
million, or even lower, have been recorded. Ordinarily, 
pt. 2-8 
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the alkalinity tends to range above 30 or 40 parts per million over . 
large portion of the basin. , Ps 

Acidity in Ohio River streams is due to the effect of mine waste: 


and, in some local areas, of steel-mill wastes, though the former con: 
stitute by tar the larger sources of acid pollution. The pH value 
range accordingly from as low as 2.0 or 3.0 in highly acid streams 4. 
as high as 8.0 or more in highly alkaline streams. . . 

In general, it is desirable to have not less than 15 or 20 parts py 
million of natural alkalinity in stream waters used as sources of water 
supply, owing to the absorption of alkalinity by coagulants most 
commonly used in water purification. Acid waters can be treated 
by adding alkalinity in the forms of lime or soda ash, but the expens 
of treatment is increased accordingly, and their permanent or scale. 
forming hardness is also increased. Where acidity is highly variable 
difficulties occur in water treatment because rapid changes in thi 
acidity, if not promptly corrected, may result immediately in in 
proper coagulation, or even in nullifying it completely. f 

According to Ellis’ findings, the water of flowing streams tends tc 
range from: pH 6.7 to pH 8.6, where unpolluted by municipal ¢ 
industrial wastes. When more acid than pH 6.7, or more alkaline 
than pH 8.6, as the result of pollution, he states that the buffer anc 
carbonate systems are usually so disturbed that conditions harmfu 
to fish are generally found. This natural range is, therefore, th 
most desirable one for maintenance of healthy fish life in streams 
Ellis states further that pH 4.0 or less is definitely lethal to all fish 
He points out, however, that in determining the lethality of ac 
wastes, the specific acid involved must be considered, as ‘‘acid waste: 
do not kill merely because of a particular degree of acidity.” Re 
viewing all of the data on acid wastes, he states that the truly ac’ 
effects must be limited to those acids which kill at pH values less tha 
5.0, whereas in the case of acids killing at pH values more than 5,! 
lethality factors other than hydrogen ion concentration play t.« 
major part. J 

From these considerations, it would appear that pH 5.0 marks tl 
lowest safe minimum value for maintenance of normal fish life — 
streams, when expressed without reference to the particular kind / 
acidity involved. As an upper limit of alkalinity, that which co 
responds to pH 9.5 may be regarded as the maximum tolerable valu 
The following summary of variation limits, expressed in terms of t! 
pH value, may be useful in this connection: . 


‘ , 


aereceme Salle Stream conditions 

6.60 $6. bance Normal for unpolluted streams, favorable to fish life, suitable for water supplies, 

POO... 5 eaaesnan M bier ag pollution, tolerable to fish life, suitable for water supplies prio 
reatment. 

AQ G0 ibs 5 saci Moderately heavy acid pollution, detrimental to fish life, fairly suitable for we 
supplies prior to treatment. i 

Less than 4.0-...... Herr seit pollution, lethal to fish life, unfavorable for water supplies 
reatment. & “ae 


Table 4, page 177, presents a condensed summary of the 
characteristics of stream waters considered, respectively, 
sirable,” “doubtful” and “unsuitable” from the standpoint 
bined water uses. For water supplies, the requirements i 
to coliform bacteria, pH, and phenols are of more importa 
fish-life maintenance, dissolved oxygen, biochemical oxygen 
pH values, and sludge deposits are especially significant. 


177 


ams «P0}80l},, Ul 9'0T Hd Jrutsed splepueys 1098M ZUTYUIIp voJAsJog UleOH oqng *s 
*gL1 ‘d ‘WolssnosIp 90g “WoryNI[od Jo seo1nos pozelos! A[ITey Mofeq Lae eater Pia 


poy, al wMuUTtUlM UoT[[Iur 10d syred % B ZULMO][V 04 eateiae oq ABUT SUOT}IPM0d [BI0[ euarpan ydeoxe ‘a[qvilsep st urnarfatur uol[[tur Jed szied ¢ B BY} ples oq ABUT 4! ‘[e10uag UT | 


*A[Quenbe sy yuesead 


seouvjsqns Sulonpoid-o4se, ‘A[yuenb ‘soouBysqns Zufonpoid-e4se4 ‘soouvysqns Zulonpoid-94se} ou ‘sdoimos [einjeu 
-alj yueseid AqIploe vedj ‘omy AUB 4B [eaolseooo fuol|[lur 19d sjred 0¢Z 10A0 Wo 4deaxe ‘sliqop JO Splfos Zuljeoy ou ‘ourt} ; 
queseid S18} 10 ‘Slo ‘ssouvisqns oIxo], | Seploryo ‘eurly Aue 4B AIplow ve1g | AUB 4S PloB 9aIJ 10 ‘SIBy ‘S[IO ‘seomBISqNS OIxXO} ON |>~~ ~~ 77m « Spina eg SUOT}IpUOd 10410 
GAIT HSIM—NOMVAROLA—ATIdAS AHLVA 
ROT SA On| er oo" ee etre a Be eS Dak \oi 7 Stecg tye Ney we. fee gee te ee TIVAO.AO NO Eos Sor ae see tg mol T!q 10d syed ‘sjousy 
ATddAS WALVM 
4 *[e19U93—AABOY 0} OIBIOPOPT |~~~~=-- ~~ pozI[eoo[—9qB19pour 0} YYBIIg |~~-~~-- 27 quesoid sjJsodop o[qeyWeAeId ON [~~~ =7-~ mon |r mre sqisodep ospnig 
Fs SNOILIGNOO 
Ss AUVLINYS ITVHYANTO—NOWVAUOLA—aAIT HSI4 
es “qmetyBa1} “query Be1} 
fo} 0} Jolid A[ddns 10}8M J0j o[qeioavjug | 03 solid A[ddns 10}8M 0} o[qezIng 
Oo °9°6 10A0 JO 0'} UBY} SSOT jo -- TT £98 62 90'S TOS OO eee Eek a Se Be Be ee | Bal Ga ee a rk «Eee eae Hd 
AULSAGNI—NOIL 
Z -VOIAVN—NOLLVAU0aU—AAIT HSIA—ATdd AS AALVA 
ie) “uol[[iur ied sjied puvur 
B *qjyUOU AUB UT 0'¢ IOAO |~=- "777 t"- 7 YIWOUL-AUS UE0'9-0'Sa Ser SET WjUOU AUB UT 0'g 10A0 JON |----™ OBBIOAY | -Op WasAXO [woTUIEYDOIq ABp-¢ 
5 NOILVAYOLA—SNOIMIGNOO AUVLINVS IVYANAOD 
3 "ASP LUG-0,)'S-T1GH9 S80'T| SIF soe ASp AUG 0000-08 > -- Se ABp AUB HO 0'¢ UB} SSO, JON | ~My “aol 
Ay ryjuour AU’ Ul Q’G MeYy Ssory [~-> ~~" qyaom Aue ulg'9-; 09 | 55" -o ere Se quo Aue Ul ¢’9 Wey Ssot JON |----~ esBIOAV J} -[}UI tod sy1ed WesAKO POAlossicy 
fo} SNOLLIGNOO 
> AUVLINVS TYHANAO—NOILVA NOL A—AAIT ASIA 
‘O'OL 10A0 YON | > ~uMUITxe yy] | -- 
foe OBL WAG. Rett" poeae esse Ti hates le OAR ae te tae ine et te es ae a O'T 1940 JON | 7-777 esBlOAV Toy TT ELEC dod 8loz08q ULIO}I[O 
S NOILVAUOTA—ONIHLV 
sr *(sojdumes jo 4u00 
(=) -10d ¢ Uv} dIOMI UI NNZ UB} 1098013 *(¢°0 19A0 JI pastnb 
*YJUOM AUB UI 00Z 198A | JI e[quIInsun) yZUOU AUB UI 00Z-0¢ | -e1 UOTIZ BIZ UO;4IVIR[y) “YJUOM AUB UI OG 12A030N |---~~ @SBIOAY | ~~ 1091] I [Tur 10d Bl1049Bq UIIOJI[O 
SNOILIGNOO AUVLINVS IVHANAD—ATddOS YALVA 
: eiqeyinsuy, Inyyqnog aqeriseq. | | 


[soryst1oyourey9 


[89}ZO[Olg IBI[Noed UMO $71 Jo 44ST 04} UT PeMoTAor oq P[NoYs wIBoA4S Yowd SB UIs JOATY OfYO O49 Jo E30} UBYZ 1040 SUIBaIyS 04 pot[dde A[lIIyIqIB oq Ou P[NoYs senfea esoqL] 


fisobajyno yaa ur paajoaur suoyypuos puv 


sasn  mineage podroursd yn suaqon ~ aujs sof spuowasnbos Ayyonb burpwmy fo hunmung—sjuswoesnbos Ayyonb soy susvg og—y wavy, * 


Se a Fo Re Ta 


178 OHIO RIVER POLLUTION CONTROL 


_ Discussion.—According to the evidence at hand the water character- 
istics designated as ‘desirable’ and “unsuitable” in the summary 
table appear to fall quite definitely into these two opposite categories. 
The intermediate or ‘“‘doubtful”’ group defines characteristics which 
_ may be tolerable but undesirable, or may approach unsuitability, 
according to their relative position in the ranges given. No hard and 
fast line may be drawn for this ‘“‘doubtful” group, but some degree of 
flexibility in judgment must be exercised in individual cases. 

The requirements set forth in these three categories have not 
been intended to constitute a formal classification of stream waters 
in the Ohio River Basin, so far as the present report is concerned. 
It is fairly evident, however, that the mere endeavor to define stream 
characteristics in terms of their relative suitability for various water 
uses involves, in effect, the principle of classification, whether or not 
this term be used in this connection. It also involves the idea of 
stream standards, which form an essential part of any system of 
stream classification. 

The application of the tentative limiting requirements for stream 
water quality, as set forth in this chapter, to the estimation of cor- 
rective measures for pollution in any given stream zone, would involve 
four steps as follows: 

(1) Determination of essential or desirable stream uses in the 
particular zone concerned. 

(2) Fixing of necessary requirements for stream water quality 
in the zone, based on “essential” or ‘‘desirable’’ uses as defined 
under (1). : 

(3) Determination of existing stream conditions in the zone 
based primarily on systematic laboratory observations above and 
below known sources of pollution and at other significant points. 

(4) Estimation of necessary corrective measures for pollution 
loading at specific points, in order to meet essential or desirable 
stream-quality requirements, on the basis of existing stream condi- 
tions and known pollution loadings at such points. ; 

In interpreting the results of laboratory observations, due account 
should be taken of flow and seasonal conditions prevailing during the 
periods of the observations, with special reference to those conditions 
which might be considered as critical for the particular water uses 
involved. If the results observed at any time were definitely bad 
or unfavorable, such a finding would be significant regardless of 
whether or not the flow conditions were at a “critical” level. If the 
results at such a time were favorable and stream conditions were 
not at the ‘‘critical” level, then the possibility of unfavorable findin 
under conditions approaching more closely the critical point would 
have to be considered. In this connection, it should be pointed out 
that ‘critical’ stream conditions would vary to some extent according 
to the particular water use involved. Where recreational use, main- 
tenance of fish life, or prevention of ‘‘nuisance’’ is concerned, critical 
stream conditions usually coincide with those of extremely low water 
in the mid or late summer. For water supplies, the more critical 
conditions often occur following major rises in streams during the 
winter or spring months, when the effects of sewage pollution and of 
scoured sludge deposits at downstream points are at a maximum. 
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PRESENT WATER QUALITY 


As a means of indicating the effect of existing pollution in the basin 
on the sanitary quality of the water, the laboratory results have been 
grouped on the basis of concentration of coliform organisms, dissolved 
oxygen and biochemical oxygen demand as outlined in the section on 
water quality requirements. | 

Table 5 summarizes the results of coliform organism and biochemical 
oxygen demand tests. The table shows the number of stations in 
each basin at which the worst monthly average results were within 
various ranges. 


TaBie 5.—Ohio Basin: Number and percentage of sampling stations showing worst 
monthly average coliform and biochemical oxygen demand results within designated 
ranges 


Number of stations Percentage of stations 


Biochemical Biochemical 


ab ea ae oxygen demand re femriabpaeed oxygen demand 
milliliter | 'artsper |  intiliter | 1m Parts per 


51- |Over 3.1- | Over 51- | Over 3.1- | Over 
200 | 200 | 3} °5.0 | 5 (959) 200 | 200 | 93 | 50} 5 
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Total. ----------.-2 2222 L ee. 8} 38} 49) 17) 34] 7 5 22 
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Normal streams..--._._2.. 1.22. 9} 13| 31] 31] 38] 80 8 12 
IDG tel aac aee tee ec otbe 9} 13). 31 | 31 |.38] 80 8 12 
ing: 
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ff ff 
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Guyandot 6 S.A G0 | 8S 2a) OL on 18 
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In general, the largest number and highest percentage of stations 
falling within the lowest range of coliform densities (0 to 50 per 
milliliter) and biochemical oxygen demand concentrations (0 to 3 
parts per million) indicate the better sanitary quality of the waters 
of the basin subdivision. Conversely, the largest number of stations 
and highest percentages of the stations falling in the higher ranges of 
coliform density (over 200 per milliliter) and biochemical-oxygen- 
demand concentration (over 5 parts per million) indicate more highly 
polluted conditions of the waters of the basin and less desirable water 
for domestic supply and other customary uses. 

The tabulations of coliform organisms show clearly the effects of 
acidity in the tendency for higher percentages of the stations in acid 
streams to show coliform numbers in the Jower density range as 
contrasted with the corresponding percentages for the normal alkaline 
streams. 

On figures 13 to 15 the average analytical results for the entire basin 
have been grouped to show graphically areas of comparable sanitary 
quality of the streams as indicated by the particular determination 
used as the index. 

Coliform bacteria.—Figure 13, based on the determination of 
coliform bacteria, shows, by the heavier shading, areas in which the 
highest monthly average numbers of coliform bacteria exceeded 200 
per milliliter. Lighter shaded portions show areas in which the 
highest monthly average number of coliform organisms was between 
200 and 50 per milliliter and the unshaded areas show, in general, 
areas with coliforms less than 50 per milliliter. 

In general, 50 coliform organisms per milliliter represent the 
desirable upper limit of bacterial concentration for sources of water 
supplies. In all aréas except those included within portions of the 
Allegheny and Monongahela Basins, affected by acid mine drainage, 
the lightly shaded areas indicate stream zones in which good sanitary 
conditions were found, resulting largely from a relatively low degree of 
pollution. Except in the Muskingum, Green, and Wabash Basins, 
these areas are located mostly near the outer edges of each tributary 
basin in their headwater sections. They include several areas in 
which recreational use of streams either is being practiced or readily 
can be developed, notably in the southern portions of the basin. 
They also include areas offering either actual or potentially desirable 
sources of water supply. 

Areas in which the highest average numbers of coliform organisms 
exceeded 200 per milliliter include the larger sources of pollution and 
numerous local zones of smaller streams affected by the discharge 
of untreated sewage. The effects of industrial wastes probably are 
not shown to any considerable extent on this diagram, as the coliform 
bacteria is definitely specific as an index of sewage pollution. It is 
noteworthy, however, that the general locations and extent of these 
areas reflect to some degree the effects of combined sewage and indus- 
trial pollution, as the larger sources of sewage tend to coincide with 
those of industrial wastes. saben 

Biochemical oxygen demand.—On figure 14 the basin has been divided 
into areas on the basis of biochemical oxygen demand, the darkest 
shading representing average amounts of the biochemical oxygen 
demand exceeding 5 parts per million, the next heaviest areas those 
. in which the average ranged from 3 to 5 parts per million, and the 
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unshaded areas representing points where the highest average bio- 
chemical oxygen demand observed was less than 3 parts per million. 

In general, the heavily shaded areas showing biochemical oxygen 
demand results in excess of 3 parts per million tend to coincide fairly 
closely with those in figure 13 showing coliform organisms over 200 
per milliliter, though they are somewhat more restricted in their 
extent in some portions of the map. As the biochemical oxygen de- 
mand of stream waters is affected both by sewage and by certain 
types of industrial wastes of an organic nature, the areas indicated 
in figure 14 probably show most reliably the stream zones in which 
the effects of combined sewage and industrial pollution are most 
apparent. The heaviest shaded areas denote those in which the 
worst conditions were observed and, in general, indicate the zones 
of relatively high degrees of pollution. Areas in which the average 
biochemical oxygen demand was not greater than 3 parts per million 
tend to coincide with those of figure 13, though some minor differences 
are indicated. In general, they represent stream zones in which 
sanitary conditions are good and, except for acid pollution in certain 
limited sections, are relatively free of objectionable pollution pre- 
cluding their use for normal purposes. The fair agreement between 
these areas tends to confirm the tentative conclusion that stream 
waters in good sanitary condition should ordinarily show an average 
biochemical oxygen demand not over 3 parts per million. 

Dissolved oxygen.—Figure 15 presents the dissolved-oxygen results 
divided into areas in which the lowest average content of the streams 
was not less than 6.5 parts per million, between 5 and 6.5, between 
3 and 5 parts per million, and less than 3 parts per million, the latter 
being indicated by the heavier shading. An average of 6.5 parts per 
million, assuming a 5 parts per million minimum on any 1 day, has 
been suggested as a safe minimum average for the maintenance of 
native fish life. The greater extent of these areas as compared with 
the others of this figure probably is due in part to the fact that a 
considerable number of dissolved-oxygen observations were made 
during the colder months, when organic decomposition in the stream 
was retarded and dissolved-oxygen levels were higher than they 
would be expected to be under summer conditions. Because of this, 
figure 15 probably shows a more optimistic picture in this respect 
than would be justified by observations carried out over the entire 
basin under summer low-water conditions. 

Although the heavily shaded areas are less in extent than those on 
figure 14, probably owing to the limitations in the proportion of sum- 
mer observations previously noted, they tend to coincide with, or to be 
Included within, the areas of relatively high biochemical oxygen 
demand results, thus confining within their limitations the locations 
of the more densely polluted streams in the basin. 


Low-FLow REGULATION 


The stream flows of the Ohio Basin vary greatly. The minimum 
flow of the Ohio River at its mouth is about 8 percent of the average 
ow and on most of the tributaries the variations are much greater. 
Since the amount of water available for dilution of wastes is one of 
the most important factors influencing the degree of pollution, any 
Measures which increase the minimum flow of the streams also aid in 
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abating pollution. Reservoirs for the storage and regulated release 
of natural stream waters offer the only generally practical means of 
low-flow regulation in this area. 

Untreated municipal sewage may cause nuisance conditions even 
though the flow of the receiving stream is quite large because of 
floating solids, scum, grease, and the settling and subsequent decom- 
Rona of part of the suspended matter with accompanying odors. 

ence, low-flow regulation is not a substitute for sewage treatment 
but an effective supplement which can be used to eliminate the need 
for more than primary treatment and to improve stream quality 
where satisfactory complete treatment methods are not available at 
present. 

Where reservoirs expressly for low-flow regulations are proposed 
to replace secondary treatment, their value can be determined by the 
cost of the treatment eliminated. Studies of low-flow requirements: 
and sewage treatment cost data indicate that reservoir storage ca- 
pacity must be provided for not more than $15 per acre-foot if the 
substitution of low-flow control is to be economically justified. 
Experience in the Ohio Basin indicates that reservoir capacity seldom 
can be provided for this amount, particularly in the relatively small 
amounts usually required for pollution abatement. Therefore, as a 
general rule, low-flow regulation does not afford an economical sub- 
stitute for secondary waste treatment. 

If more than one source of pollution is benefited appreciably by 
the flow regulation, the justifiable expenditure may be increased. 
Thus, if by the construction of a reservoir for flow regulation, the 
need for secondary treatment at two, three, or more downstream 
yon can be eliminated the allowable expenditure for storage may 

e increased proportionately. 

Low-flow regulation can be used to reduce the maximum acidity of 
streams affected by acid mine drainage. It would not affect the total 
acid load but could reduce the damage done by acid streams. Studies. 
of the comparative cost of mine sealing and flow regulation indicate 
that the allowable expenditure for storage to replace mine sealing is 
from about $0.50 to $2.25 per acre-foot depending on the alkalinity 
of the stored water.’ Consequently, low-flow regulation cannot eco- 
nomically be substituted for mine sealing but it can effectively supple- 
ment it in many instances, particularly in reducing acid surges after 
the mine sealing program is completed. 

Low-flow regulation may also afford an effective means of reducing 
organic pollution by industrial wastes which cannot at present be 
adequately controlled by treatment at reasonable cost. The economic 
feasibility of such control cannot be discussed in general terms. 

In addition to its value for abatement of pollution low-flow regula- 
tion may be used to insure the adequacy of municipal and industrial 
water supplies, to improve the navigability of streams and to enhance 
their recreational value, and to increase the production of hydro- 
electric plants. Most of the reservoirs that have been constructed 


for low-flow regulation have been built primarily for one or more of 


these purposes rather than for pollution abatement. 

It is apparent from these data that, in general, low-flow regulation 
by reservoirs built expressly for pollution abatement is not economi- 
cally justified, although it may be in some cases. However, if the 


§ Alkalinity assumed to vary from 10 to 40 parts per million. 
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supplemental low flow can be provided incidental to some other major 
reservoir use in a multiple-purpose reservoir, the cost of the addi- 
tional flow may be small enough to warrant inclusion of provisions 
for low-flow regulation in the reservoir plan. The major purposes 
for which reservoirs are being built or proposed in the Ohio Basin are 
flood control and' power. 

Flood-control reservoirs ordinarily remain empty or nearly so until 
a flood threatens and are emptied as quickly as practicable after 
danger has passed in order to make the storage capacity available 
for the next flood. Studies by the United States Engineer Depart- 
ment of the seasonal occurrence of Ohio River floods show that major 
floods occur during the late winter and early spring. The following 
table indicates the monthly distribution of damage from Ohio River 
floods at Pittsburgh. 


TasBLe 6.— Monthly distribution of damage from Ohio River floods at Pittsburgh, Pa. 


Average Average 
flood dam- flood dam- 
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The markedly seasonal character of Ohio River floods and the 
equally seasonal character of low-flow occurrences suggest the possi- 
bility of using a portion of the capacity of the fiood-control reservoirs 
after the end of the flood season for storage of water to be released 
during the late summer and early fall months when stream flow is 
usually lowest. The United States Engineer Department has investi- 
gated the practicability of such operations and found that at many of 
the proposed and existing flood-control reservoirs in the Ohio Basin 
as much as one-third of the flood-storage capacity can be used for 
low-flow regulation from April 15 to December 1 without appreciably 
reducing the degree of flood protection. In reservoirs whose capaci- 
ties are limited to less than the amount necessary for control of the 
major floods such encroachment on the flood-storage capacity is not 
considered feasible. 

Hydroelectric reservoirs usually store water during periods of high 
stream flow and release it during dry periods. The amount of water 
released is usually dependent on the power demand. Low-flow regu- 
lation for other purposes can often be included in the program of 
reservoir operation without interfering greatly with power production. 

The possibility of using existing or proposed reservoirs in the Ohio 
Basin for low-flow regulation has been considered and discussions of 
various projects are included in the basin summaries and in the 
section of the report on acid mine drainage. A number of areas have 
been found where low-flow regulation could be of considerable value 
for pollution abatement and water supply. 
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ADMINISTRATION OF PoLLUTION ABATEMENT 


Stream pollution is a problem of national concern. Responsibility 
for its abatement is primarily local. Power to require its abatement 
rests with the States, the Federal Government having little authority 
in this field. All of the States have adopted laws of some kind for 
the purpose of controlling pollution, and, in addition, the common law 
affords remedies to injured parties. Because the problem is tech- 
nical and one requiring constant attention, the States have delegated 
power to administer the laws to some State agency, usually the health 
agency, since the protection of the public health is usually the primary 
purpose of pollution abatement. The progress that has been made 
varies from State to State. A survey of State laws, their adminis- 
tration, and the organization of the administrative agencies has been 
made to determine what effect laws and their administration have had 
on the progress of pollution abatement and to determine what steps 
might be taken to accelerate progress. 

This survey indicates that more important than a stringent anti- 
pollution law is the existence of an adequately staffed agency carrying 
on an effective educational and promotional program. Education, 
with its concurrent awakening of the public consciousness to the value 
of clean streams and promotion of remedial works’ installation are the 
foundations of a stream sanitation campaign. A campaign based 
upon these two factors will attain a substantial measure of success 
without the legal authority necessary to require the installation of 
remedial works. However, an impasse is finally reached when the 
authority must be employed if the program is to proceed. 

The law should centralize authority over stream pollution in one 
State agency, authorized and qualified to consider the effects of pollu- 
tion on all water uses, and not limited to its effects on the public 
health. No type of wastes and no area should be excepted from the 
provisions of the law. The agency should be delegated power to 
function administratively and to enforce the law without the continual 
necessity of time-consuming court action. It should be given the 
power to define pollution and the power to seek injunctions when 
necessary to protect the public interest. It should be permitted. to 
carry out fact-finding investigations relative to pollution. Findings 
of fact are essential in all actions, particularly in case of court review. 
The agency should be permitted to prepare a program for pollution 
abatement and should have authority to require proper operation of 
remedial works. 

Legal restrictions on the bonding or taxing power of municipal cor- 
orations have deterred the installation of sewage-treatment works. 
rovisions for financing these works by revenue bonds and sewer- 

rental charges have aided greatly in overcoming these restrictions. 
The State administrative agency should be given the power to require 
municipalities to utilize all means at their disposal to finance the con- 
struction of treatment works that have been found by the agency to 
be necessary. Provision should be made for the formation of sanitary 
districts to construct and operate treatment works. 

In none of the States in the Ohio Basin are all of the above pro- 
visions in effect. Outstanding defects are the exemptions of acid 
mine drainage from control in Pennsylvania, West Virginia, and Ohio, 


OHIO RIVER POLLUTION CONTROL 185. 


and the lack of authority of Ohio, Indiana, and Illinois over wastes 
from Ohio River communities. 

Organization —In several of the States surveyed, more than one 
State agency is empowered to enforce pollution abatement laws. A 
comparison of the ease and efficiency of operation in these States with 
that in other States with centralized control clearly indicates the ad- 
visability of the latter method. In this manner, responsibility is 
centralized and complete coverage of the problem without duplication 
of effort can be assured at a minimum of expense. 

There is an increasing tendency to view pollution abatement in its 
broad perspective; namely, as an effort to promote the full utilization 
of a vital natural resource. For this reason it is necessary that the 
administrative agency not limit its activities solely to pollution 
affecting the public health or interfering with fish life. It should be 
permitted by law and qualified technically to act against pollution 
affecting any phase of water use. The type of organization best 
suited to do this cannot be stated categorically. 

A number of States in the Ohio Basin and elsewhere have placed 
authority in a sanitary water board, a State water commission or 
some similar agency. Such a body includes representatives of all 
official agencies concerned with water pollution and occasionall 
representatives of industry and sportsmen. In this manner all 
interested parties are given a voice in the establishment of policies 
and feelings of animosity so often present are minimized. 

Another method of achieving the desired coordination is by the 
establishment of an advisory board. This scheme has not been 
adopted in any of the States in the Ohio Basin but it has been sug- 
gested by a number of authorities. Administration would be cen- 
tered in one existing agency already vested with authority. This 
agency would be advised as to policies and procedures by a commis- 
sion including officials of State agencies concerned with water problems 
and representatives of industry and sportsmen. The commission 
may be supplemented by local watershed advisory boards throughout 
the State consisting of representative citizens interested in local im- 
provement and good stream sanitation. 

This type of organization takes from some agencies control which 
they might otherwise have and substitutes merely advisory authority. 
Unless a high state of interest is maintained, something which is diffi- 
cult of attainment in this particular field, the interest of the advisory 
committee is apt to lag and its influence diminish or entirely disappear. 
Whether or not such a scheme would be successful would depend to a 
very large degree upon the executive and organizing ability, personal- 
ity, and farsightedness of the head of the enforcement agency. 

The most common practice is to make the State health agency the 
administrative agency for pollution-abatement laws. The sanitary 
engineering divisions of these agencies are usually the ones most 
actively engaged in pollution-abatement work and are better qualified 
technically than any other one agency to carry on such activities. 
The protection of water supplies from pollution is of definite concern 
to the health department. The effects of pollution on streams used 
for recreation are also of interest to the health agency. In practically 
all States the health department has been delegated authority either 
to supervise pollution-abatement work or to advise cities and industries 
with reference to their waste-disposal problems. By virtue of their 
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functions and experience, State health agencies should have con- 
siderable authority in any organization for the administration of 
pollution abatement. In most sanitary water boards, the State 
sanitary engineer is executive secretary of the board and the most 
active individual member. Under the advisory board scheme, the 
health agency is usually the administrative agency. In those cases 
where there is no legal provision for coordination of the views of all 
interested agencies and parties and the health agency alone is given 
authority, the coordination can be achieved unofficially if the agencies 
and individuals concerned are not unduly jealous of their positions, 
prerogatives, and programs. 

In short, the exact type of organization is not highly significant. 
It is much more important that the agency be adequately financed 
and properly staffed with trained men familiar with pollution prob- 
lems and their relation to all phases of water use. Personality and 
enthusiasm are as important as technical ability. The agency must 
be able to carry on an effective educational and promotional program 
and to work without friction with municipal and industrial officials. 
A minority of recalcitrant individuals and officials can be dealt with 
by legal action but effective policing to enforce an unpopular law would 
require so many men that the entire scheme would be impractical. 

Authority.—In some instances cooperation can be obtained only if 
there is some legal power or authority which might be used. In other 
instances actual use of authority is necessary. The State adminis- 
trative agency should have the following powers: 

(a) Power to define what constitutes pollution, with the definition 
based on consideration of all phases of water use. 

(b) Authority to investigate pollution on its own initiative. In- 
vestigation of all complaints to the agency should be mandatory. 

(c) Power to review all sewerage plans and plans for new industrial 
waste outlets and to require suitable treatment. 

(d) Power to issue orders against polluters, requiring abatement 
of pollution. 

(e) Power to seek injunctions when necessary to protect the public 
interest. 

Control over the operation of remedial works. 

All of these powers are designed to promote rapid and efficient 
solution of the problem with a minimum of litigation. The actions 
of the agency would be subject to court review as are the actions of 
ion other administrative agency. 

he basic law may well define pollution in general terms but the 
agency should be given the power to define in more precise terms what 
will be considered actionable pollution. The definition should be 
broad enough to include pollution which would interfere unduly with 
any water use and definite enough to enable municipalities and indus- 
tries to determine what may be expected of them. No exceptions 
should be made in the basic law as to either areas or types of wastes 
subject to the control of the administrative agency, but the agence 
should not be required to apply a uniform standard of quality to all 
streams in the State or to pt ebgas of a given type. 

The agency should be permitted to make all fact-finding surveys 
and investigations. Findings of fact are highly important, not only 
to serve as a basis for recommendations and orders but also to support 
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the agency in possible cases of court review. These surveys and in- 
vestigations should be permitted without having to wait for a com- 
plaint. The agency should be given the right of access to municipal 
and private property necessary to make surveys and investigations. 
Only in this way can a comprehensive plan and program be developed. 
The requirement that all complaints must be investigated and re- 
ported on is a valuable aid in securing public approval of the program. 

The power of review of all plans for new work involving increases 
in waste discharges enables the agency to prevent any important in- 
creases in pollution while engaged in its programs of abatement of 
pollution from existing sources. To make this power effective, the 
agency should be able to make rules and regulations governing sewer- 
age and industrial waste treatment. Most of the States with effective 
pollution abatement programs have given this power of review to the 
administrative agency. 

The power to issue orders requiring the abatement of pollution has 
been an extremely valuable instrument in many States. The basic 
law should outline the procedure to be followed in issuing such orders 
and provide for the enforcement of them. In general, the procedure 
is as follows: 

(a) The agency makes an investigation to determine whether or 
not actionable pollution exists. 

(b) If such pollution is found to exist the offender is cited to appear 
before the agency for a hearing and show cause why an order should 
not be issued requiring the abatement of the pollution. 

(c) If the offender cannot show sufficient cause, an order is entered 
requiring the treatment or complete elimination of the waste discharge 
causing pollution. — 

This procedure is much more economical of time and money, and 
requires less litigation than if the agency were required to seek action 
through other legal channels. 

Occasionally, even this type of machinery is too slow to protect 
properly the public interest. This is particularly true in the case of 
seasonal industries, when ponded wastes are suddenly discharged, 
or when remedial. devices are improperly operated. The agency 
should be able to take action by injunction or otherwise to prevent 
such pollution. ; . 

Tg insure the proper operation of treatment plants and other 
remedial works, the State administrative agency should be empowered 
to supervise their operation and to make the necessary rules and reg- 
ulations. The agency should be adequately and properly staffed to 
permit it to assist municipalities and industries in the solution of oper- 
ating problems. 

Sanitary districts —Legislation to allow the easy formation of sani- 
tary districts to serve unincorporated areas or combinations of one 
or more municipalities and adjoining areas is necessary if one of the 
more troublesome and difficult to control pollution sources, the pri- 
vate sewer, is to be eliminated and if pollution abatement work is to 
be carried on most economically and effectively in metropolitan areas. 
Most States have made some provision for such districts but, in many 
‘Instances, the formation and preliminary financing have been made 
So difficult that the law is seldom used. In one State, 90 percent of 
the property owners concerned must sign the petition for the district’s 
formation. Illinois has used the sanitary district method with con- 
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siderable success. Reasonable legislation could facilitate the forma- 
tion of districts and still protect against the formation of additional 
unnecessary governmental units. 

The administrative agency may well be given power to review plans 
for the formation of districts and the power to order the formation 
of districts where this appears to be the only feasible solution to a pol- 
lution problem, as in the case of unincorporated areas on the fringes 
of municipalities. Ohio’s administrative agency has this authority 
with reference to county sewer districts and the program in the State 
has been materially assisted by the authority. In most other States 
individual prosecution, a cumbersome device at best, must be either 
used or threatened to accomplish district formation in such cases. 

Financing.—Constitutional and statutory limitations on the bond- 
ing and taxing power of cities have hindered the installation of reme- 
dial works in many instances. If a pollution abatement program is 
to proceed some means must be found, consistent with sound financial 
policy, to overcome these difficulties. The principle of allowing 
municipalities to exceed these limitations upon order of the admin- 
istrative agency might be applied to statutory limitations but where 
the limitations are imposed by the constitution, this would probably 
not be feasible. In some States the municipalities are forbidden to 
issue bonds for other purposes so long as a State order requiring the 
installation of pollution abatement works has not been complied with. 
Provision may also be made for revenue financing of sewage works, 
permitting the assessment of sewer service charges. This is an equi- 
table method of financing such works and has been used in a large 
number of cases in recent years. A recent adverse Pennsylvania court 
decision in the case of Philadelphia, which is up to its debt limit, ruled 
against determining sewer rental charges on the basis of the assessed 
valuation but at the same time stated that a charge based on a pro- 
portion of the water charge was proper. 

Administrative policies.—In investigating the administration of 
pollution abatement, a number of policies were encountered which have 
met with a great deal of success. In general, it was found that the 
agencies which have been most succeessful have been relatively slow 
to use the courts or administrative orders to force action. Much of 
their effort has been devoted to arousing public consciousness of the 
value of clean streams and securing public support for remedial mea- 
sures. They try to cooperate and consult with municipalities and 
industries in order to work out the most satisfactory solution of 
individual problems. . 

A practically universal policy at the present time in the Ohio Basin 
is that no new sewers may be installed unless treatment is provided. 
Some States even require that no additions may be made to existing 
sewer systems without provision for treatment. The Works Progress 
Administration has aided in effectuating such policies by refusing to 
approve sewerage projects without treatment except in special cases. 

Another policy that has been helpful in hastening progress is that of 
informing injured riparian owners of their rights. The technical 
knowledge of the enforcement agency can be of great value to the 
individual owners who seldom have the means of getting the necessary 
information for the successful prosecution of a lawsuit. 

Much of the routine work of the State administrative agencies is 
concerned with securing proper operation of remedial works after 
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they have been installed. The common. tendency to consider the 
problem as solved once the treatment plant has been constructed 
must be combated continually. The agency must be adequately 
staffed to permit the frequent inspection of remedial works and to aid 
plant operators in solving their problems. Most States have adopted 
the policy of requiring submission of rather complete records of plant 
operation. Some States offer prizes to those operators submitting 
the best records. 

In order to stimulate interest in the problems of plant operation 
and to improve the standards of operation, a number of States have 
conducted or sponsored short schools and conferences for operrators. 
Most of the operators of the smaller plants have little or no technical 
education and these schools have been instrumental in giving such 
men an understanding of the scientific principles underlying efficient 
plant operation. In addition, such schools enable the men to meet 
each other, to discuss their common problems and exchange experi- 
ences. 

Another step that has been taken to improve the caliber of plant 
operators is the licensing of operators by the State administrative 
agency. As a rule, the licensing plan operates similarly to licensing 
of stationary engineers with several grades of licenses and require- 
ments as to education’ and experience, as well as an examination. 
Licensing has been helpful in improving the tenure of competent 
operators and in attracting better trained men to such jobs. 

Interstate waters——As in the case of other water problems, the 
difficulty of dealing with pollution of interstate streams has cast 
doubts on the effectiveness of State control and brought forth de- 
mands for Federal action. Progress has been made in certain areas 
in the solution of some interstate pollution problems but, in general, 
much less has been done than where the problems were primarily 
intrastate and subject to the control of a single agency. The Ohio 
River is a striking example of this. 

Informal interstate agreements have been effective in reducing 
tastes and odors in Ohio River water supplies but no appreciable 
progress has been made in reducing sewage pollution of the river. 
Much of the difficulty is due to the lack of jurisdiction of the States 
north of the river over the stream. The Ohio River Valley Water 
Sanitation Compact has been drafted by compact commissioners of 
the States involved, approved by the Congress, and ratified by four 
of the State legislatures (Indiana, New York, Illinois, and Kentucky) 
unconditionally. The Ohio and West Virginia Legislatures have rati- 
fied the compact but their action does not become effective until the 
Pennsylvania Legislature also ratifies. Considerable progress has 
been made in Pennsylvania toward ratification of the compact, one 
branch of the legislature having passed ratification legislation on two 
occasions. 

The personnel of the Ohio River Valley Compact Commission that 
drafted the compact is of particular interest. Represented on this 
commission were the administrative or technical heads of the pollu- 
tion administrative agencies of the States bordering on the Ohio 
River. These representatives had been engaged in administering 
pollution-control laws for a great many years and some of the most 
notably successful pollution-control programs of this country have 
been due to their efforts. The compact, as finally approved, repre- 
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sents the consensus of these successful, experienced administrators in 
their efforts to prepare a practical workable document. An outline 
of the provisions of the compact is included in the summary dealing 
with the main Ohio River. 

Two interstate compacts dealing with water pollution have been in 
effect for several years. The one between New York and New Jersey 
dealing with the problems of the metropolitan area of New York has 
been fairly successful. The one between North Dakota, South 
Dakota, and Minnesota on the Red River of the North has accom- 
plished little. A third, the Potomac Compact, adopted by Maryland, 
Virginia, West Virginia, and the District of Columbia created the 
Potomac Valley Conservancy District, organized formally in October 
1941. Activities to date have been confined to a preliminary assem- 
bling of available data. The formation of these compacts may be 
taken to indicate a trend but none of them are sufficiently comparable 
to serve as a basis for predicting the success of this method in the Ohio 
Valley as a means of abating water pollution. 

Progress has been made in pollution abatement in the Delaware 
River Basin since the establishment of the Interstate Commission on 
the Delaware (Incodel) in 1936. This commission derives its author- 
ity from joint legislative commissions on interstate cooperation 
established by the four States of the basin. No interstate compact is 
involved. Standards of quality for effluents discharged to various 
zones of the basin have been agreed upon by the four States and a 
general plan drawn up for treatment of municipal wastes. Progress 
has also been made in construction of sewage treatment works. 
Financial difficulties have deterred construction of such works at 
Philadelphia, the key to the solution of the water pollution problem 
of the basin. 

Most interstate compacts in the past have dealt with matters which 
once settled require little further attention, such as boundary disputes. 
Compacts have been fairly successful in settling matters of the appor- 
tionment of water in interstate streams in the section of the country 
where irrigation is important. The Ohio River Valley Water Sanita- 
tion Compact is the first to be negotiated dealing with a continuin 
and complex problem in a large area and its success or failure will 
probably have considerable influence on future attempts at controlling 
pollution of interstate waters. It is highly desirable that the compact 
be ratified. 

Federal interest —The increasing activity of the Federal Govern- 
ment in other fields of water use and control, together with the lack 
of progress being made in the solution of interstate pollution problems 
in some areas have been responsible for a number of proposals of 
Federal legislation on the subject. The proposals have been of two 
general types; one providing for Federal technical and financial aid 
to States and administrative agencies and financial aid to municipal- 
ities and industries in the construction of pollution abatement works; 
the other providing for similar aid to municipalities and industries 
and, in addition, for Federal control over the pollution of interstate 
waters. The need for financial assistance if the work is to proceed 
rapidly has been shown by the effect of Federal aid on the rate of 
progress of sewage treatment in recent years and is generally recog- 
nized. The need for Federal exercise of police power, however, has 
been bitterly contested. The disagreement. is not one that can be 
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resolved by findings of fact at the present time. It involves problems 
of governmental policy not within the scope of this survey. The 
findings of this survey do indicate a need for something more than the 
present degree of control over pollution of the Ohio River. The 
compact provides a method for this control, through the utilization 
of existing, experienced State agencies working together with Federal 
assistance. Whether or not this method is efficient and effective can 
be decided only after a trial. 

The Federal Government can encourage such efforts by making 
available advisory and technical assistance. The present survey 
should provide the basis for a program of control when and if the 
Ohio River compact becomes effective. 


Acrp Mine DrarnaGe StTupDIEs 


Acid drainage from coal mines affects the streams throughout the 
area covered by the Ohio River Basin coal fields (see figure 3). In 
Pennsylvania and West Virginia, the two largest bituminous coal 
producing States, the problem dominates the stream sanitation picture. 
The present situation exists despite the fact that in these two States 
only 5.1 percent of the coal deposit has been mined out or lost. The 
present survey has conducted a study of the basic theories of acid 
formation in coal mines and the possibilities and experience with 
remedial measures. Particular attention has been directed to control 
measures involving mine sealing and flow regulation, particularly by 
multiple purpose use of flood-control and other purpose reservoirs. 
Studies and demonstrations by the United States Bureau of Mines 
of the possible accomplishments of mine sealing have shown that. 
acid control at the mine is practical at reasonable cost, and a start, 
made in the form of a Works Progress Administration program (see 
figure 16) of sealing abandoned mines with United States Public 
Health Service and State cooperation, has confirmed (see figure 17) 
the earlier work. The present sealing program, however, is not a 
continuing activity, having been discontinued from time to time in 
some States. Provision for essential maintenance is lacking. Flow 
regulation by flood-control reservoirs built by the United States 
Engineer Department has had a beneficial effect. Aggressive prose- 
cution of a suggested remedial program is amply justified, particu- 
larly in the Pittsburgh district where tangible monetary benefits can 
be shown in excess of remedial costs. Remedial measures are im- 
perative to insure the future of the principal streams in the mining 
areas. 

The question of acid mine drainage has been made the subject of a 
detailed supplement to this report and consideration here is confined 
to summarized information and conclusions. 


ACID LOAD REDUCTION BY SEALING 


Mine acid loads in the major tributaries of the Ohio River Basin as 
originally measured and after present sealing and suggested sealing 
under 1940 restrictions are given on figure 16 and table 7. 
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EXPECTANCY GURVES FOR _ Fig.-i7 
MINE SEALING PERFORMANCE 
FROM RECORD OF [00 SEALED MINES 
IN WEST VIRGINIA 
JULY,14-I94I 


f 


NOTE: 
Information from Office 
of Mine Sealing-U.S.P.H.S. 
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_ Total basin acid loads from this table and the estimated load follow- 
ing a sealing program with 1940 restrictions modified are as follows: 


Tons per year 

Original mine aeid nad 22) 5 eos bs cies lade ogee as asgegs 2, 500, 000 
Regaine 10 dase, We Ailing: shi 2 a Se ab ee eee ane cia 700, 000 
Li tipo REARS Bold Loge ie oe bh cham tipi ined= 1, 800, 000 
Possible further reduction by sealing under 1940 restrictions__-------- 600, 000 
Load after sealing under 1940 restrictions... ___._..--.----- 1, 200, 000 
Possible further reduction with 1940 restrictions modified... ....---- 600, 000 
Estimated ultimate residual load___-_.......-------------- 600, 000 


The sealing program under 1940 restrictions is based on a cost 
limitation of $10 per ton of acid per year and sealing only in areas not 
connected to active ventilation systems. Modified restrictions would 
permit sealing operations in worked-out sections of active mines. 

The cost and benefit estimates, discussed later, apply to work neces- 
sary to complete a sealing program under 1940 restrictions and the 
report discusses this completion as a first objective. 

Free mineral acid from waste pickle liquor is estimated at 3.4 per- 
cent of the present total free and combined mine acid load. Acid from 
hydrolized iron sulfates may be minor or as high as 10 times this 
quantity depending on the hydrolysis equilibrium. 


MINE SEALING COSTS 


Mine sealing costs to date in the Ohio River Basin, as shown in 
table 8, have been about $5,400,000. ‘To complete a sealing program 
under 1940 restrictions will cost an estimated additional $5,500,000. 
Annual charges of interest (3% percent), amortization (0.7 percent 
based on 3% percent interest and a 50-year life), inspection (2 percent) 
and maintenance (7 to 10 percent) are about 15 percent or $1,635,000 
on the total of these two sums of $10,900,000. This is about 4 mills 
ee net ton of production and confirms an estimate of the Office of 

ine Sealing, United States Public Health Service. These and other 
estimates of future mine sealing costs are believed conservatively high 
as they are based primarily on past experience with Works Progress 
Administration programs with the dual purpose of providing relief and 
improving mine acid conditions. 


MINE-ACID-CONTROL PROGRAM. 


Present information indicates that correction, in large measure, 
of the mine-acid-pollution problem is practical by a comprehensive 
Control program involving the following measures: 

' (a) Provisions for the inspection and maintenance of present air 
Seals and a similar provision in connection with all future mine- 
Sealing programs. 

- (6) Completion of the present limited (1940 restrictions) mine- 
Sealing program. j 

(c) Provision of reservoir capacity, presumably in primarily 
flood-control reservoirs, for flow regulation for acid and organic- 
Pollution control. 

(d) Inauguration of an aggressive program of mine sealing with 
Present restrictions modified. 

(e) Adaptation of the better mining methods to acid control. 
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(f) Extension of the established practice of refraining from dis- 
charging acid waters to streams previously uncontaminated. 

(g) Clarification of the laws governing mine drainage to facilitate 
the corrective program. 


TaBLE 8.—Acid mine drainage: Cost of Works Progress Administration program o 
mine sealing to date and estimated to complete restricted mine-sealing program, bot 
State-wide and for the Ohio River Basin 


State-wide expenditures Ohio Basin expenditures 
State Per ton | Estimated : Estimated 
Total | per year| tocom- oon ya to com- 
to date! | of acid plete date) plete 
sealed program program 
By States 

Munvisots ete trips st hy eis $12, $7. OS Lede ot 12 (i bade Monee ae | 
UGY LEA CORE ate ara a ee eae 273, 000 4,48 $80, 000 $270, 000 $80, 000 
LST ING) 119 Se ee a a se eg Re ET os 340, 000 2.66 1, 200, 000 340, 000 1, 200, 000 
MR AIR Oe hy ES ee asa r ee 1, 000° 8. 25 50, 000 ey ae oe 

NOTO 2s SRE Se Aa peg anny. ered pone ea ae 1, 935, 000 8. 40 400, 000 1, 940, 000 400, 
Peavey lvyaiieas Aeolian. Si AS 2, 666, 000 11.50 | 4,000,000 | 1, 490, 000 3, 100, 000 
<p eeParrmeeme tates 109, 000 2.46 | ° 490,000 | “110, 000 420, 000 
VEL eee NS ete eS Ree yy O42. EEE 160, 000 0 150, 000 
Wes: Wirgniann 2 tr epee cee liege 1, 462, 000 8.00 200,000 | 1, 210, 000 160, 000 
NH 2 Sea Ae a ele ed ait me 7, 018, 000 5. 80 6, 500, 000 5, 370, 000 5, 510, 000 

Basin By basins 

HBR OLE CEL Oe DASIIS.:. . .-. Se eo ae ee ae ee OL ged Fo ~ $650, 000 $480, 000 
Allegheny -_..._.._..___- Ages NSs 73912054 ahs & DREW ele} hPEs Ck UA etme § 458 SP: ae eh 510, 000 1, 460, 000 
OG I ae A Cy ae Sigler Oa eee ae ee § p Rey D tre) 1, 820, 000 1, 600, 000 
ESRI ine eet Ree VTE OT RI tle EP NAIA © RAE SERIE BOO EE SRE A ek 60, 000 50, 000 
Witiskinoum ana iookiag: ccs tucre 2.) farcrdeitye Ue ereig bere te! 1, 450, 000 110, 000 
1S. oe eee AE NRE OE aOR © iret Sa Sy Sai aie ait ae ete 70, 000 120, 000 
40, 000 10, 000 
70, 000 240, 000 
100, 000 40, 000 
60, 000 130, 000 
80, 000 310, 000 
240, 000 80, 000 
200, 000 780, 000 
20, 000 100, 000 
ig fet in ol EE Se Ss SS RUS ps RT te, oS eee Se 5, 370, 000 5, 510, 000 


1 Rounded. 2 Less than 5 000. 
UPPER OHIO BASIN 


For illustrative purposes and to indicate cost to benefit relation- 
ships, special studies have been made in the upper Ohio River Basin 
area or the area above the Ohio-West Virginia-Pennsylvania State 
line. Estimates have been made of accomplishments, costs, and 
benefits resulting from application of the first three of these items, 
namely, mine sealing, maintenance, and flow regulation. Any study 
of reservoir development should include consideration of organic- 
pollution control and the program studied considers both organic 
and acid pollution. 

Damages.—Damages capable of monetary evaluation caused by 
acid mine drainage include neutralization and softening costs to 
domestic and industrial water supplies and corrosion of steamboats, 
barges, power plant condensers, and river and harbor structures. 
These damages in the area above the Ohio-West Virginia-Pennsylvania 
State line, totaling about $2,000,000 per year, are shown on table 9. 
Equally important, but intangible or unevaluated, damages, are to 
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water supply due to manganese, to recreation through the destruction 
of normal aquatic life, to agricultural uses, to highway structures, 
to the mines themselves, and indeterminate but serious damages to 
the public health due to rapid fluctuations in quality as reported 
by water-plant operators. Mine acid is a deterrent to organic pol- 
lution abatement as incentive for abatement measures is lacking if 
the result is a stream suitable only for disposal of mine waters. 
Mine acid is not a safeguard to public water supplies as the rapid 
increase in flow during a freshet may bring sufficient alkalinity to 
neutralize the acidity and eliminate any germicidal effect there may be. 


TaBLE 9.—Acid mine drainage: Summary, as of 1940, of annual damages, capable 
of accurate estimation and caused by acid mine drainage above the Ohio-West 
Virginia-Pennsylvania State line 


Total annual 
damages 
Berrie SRT EUS iis in at oe iaisantiahen seek NEUE $364, 000 
Industrial water supplies____________- YT 0 Ray as SEL ee 407, 000: 
Stesmbontsiand batges: eee i bu hiedial wie al eae 1, 143, 000: 
PowanmGlsce tent ih oe, go ual shaded Rebbe gee gee 76, 000: 
Riverend Harbor -structuresisa. +. .a5- oe cin Si Sate 76, 000 
Floating plant (U. S. Engineer Department) ____.......___-------- 5, 000 
BOth TOROS Oe PAR Son sie rsa de eos 2, 071, 000: 


Future chs ape (based on estimated future quality but no increase 

im use): 
pase ee aS 2h, eect ae Sar eR peel DE eg a EA E S 2, 630, 000 
Behe Se Peed ed. i AU Was Mera gie wit fe) Shy S9 eee oped Pe oe 3, 190, 000 


Mine sealing.—Data on mine acid loads before and after various 
stages of sealing, similar to that given on table 7, for the upper Ohio 
River Basin are as follows: 


Tons per year 
SRE PNY BIG ls As ep Ne a nin gk se ee ee 1, 375, 000 
Reduction, to date, by sealing 0) Joi ee 313, 000 
Present thine Seid: lobd sgh Pel LO et Sep be ae 1, 062, 000 
Possible further reduction by sealing under 1940 restrictions_______- 379, 000: 
Load after sealing under 1940 restrictions.__.....-...------_- 683, 000: 


The completion of a mine-sealing program in this area under 1940 
restrictions will cost an estimated $3,250,000. Annual charges,. 
including imterest, amortization, inspection, and maintenance as 
already enumerated, are 15 percent or $488,000 on this expenditure. 
Similar annual charges on existing mine seals of 15 percent of the 
approximately $2,550,000 spent on mine sealing to date in this area 
are $382,000 per year, making a total of $870,000 per year. As. 
shown on figure 17, if these existing seals are not maintained, the 
benefits already realized may easily be lost making it necessary to 
repeat the expenditure. 

Flow regulation—The application of mine sealing under 1940 
restrictions will greatly reduce the maximum monthly acidity but 
there will still remain acid surges and months in which conditions are 
unsatisfactory. The acid surges, particularly during times of low 
flow, will be a hazard to aquatic life. A further improvement during 
all but the highest flow months and a measure of protection against 
acid surges hazardous to aquatic life are possible by the application 
of flow regulation from reservoir storage. The estimated reservoirs. 
Selected for acid control are the largest that can be used without storing 
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for periods greater than 1 year. Utilization of increased capacity 
beyond this point would be infrequent and the unit value would 
therefore be reduced. Reservoir capacities selected in the upper 
Ohio River Basin area under these conditions are as follows: 


Acre-feet 

SON EN 5g oF YS Lr RRS SOROS aT eT AGEE PR RD pe cA See ES AEA ES 210, 000 
LE Se OS ae eg nt ot el ih late ap iy Soi ae AP feral 370, 000 
movil ss: zorlucte. sss sikise uit bapvaoine @ ag- et bt 580, 000 


Organic pollution in the upper main Ohio River can be controlled 
satisfactorily by a partial treatment of sewage and industrial wastes 
plus flow control adequate to eliminate those low-flow periods when 
a higher degree of treatment would normally be required. A second 
method of control would be to allow natural flows to remain unchanged 
and install facilities for providing the required higher degree of 
treatment. 

In estimating the value of flow regulation for organic pollution 
abatement, this value was considered as equal to the difference in 
cost between partial treatment and the required higher degree of 
treatment. 

The required flow has been estimated to be 8,000 cubic feet per 
second during the warm summer months (25° C. or 77° F. average 
monthly air temperature) and progressively lesser flows as tempera- 
tures decrease. With this flow regulation, primary treatment plus 
equivalent treatment of industrial wastes would be adequate to 
maintain satisfactory stream conditions for reasonable use other than 
domestic water supply immediately below Pittsburgh. 

The question arises as to the justification of attempting to maintain 
such conditions during times of abnormally low flow such as occurred 
during 1930. Conditions of 1930 have occurred but once in a period 
of record of over 30 years and have not been approached in any other 
year. If 1930 is included, storage required for flow regulation is 
830,000 acre-feet while during all other years storage of 430,000 
acre-feet would be adequate. It is concluded that the cost of pro- 
' viding the higher storage capacity is greater than warranted by con- 
trol of pollution during a drought occurring but once in 30 years. 
This does not mear that conditions would not be improved durin 
an extreme drought. A valuable partial organic pollution contro 
would be available during a year such as 1930. : 

Storage required for organic pollution abatement is 430,000 acre- 
feet (except in 1930) while total storage selected for acid control is 
580,000 acre-feet. This last storage figure of 580,000 acre-feet has 
been used in estimating benefits. 

Benefits and costs.—Benefits of the combined program due to acid 
control are due to a reduction in the damages detailed on table 9. 
Benefits to organic pollution control are due to a reduction in the cost 
of needed sewage and industrial waste treatment. 

Reduction in maximum monthly acidities equitably assigned to 
the two items—mine sealing and flow regulation—of this program 
are as follows: : 
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Acidity,! parts per million 


Allegheny at gar lea 
Aspinwall McKeesport 


rms MUUNGLOY Maxine. oo oo hia ees ee es 23 33 
Poopcuon! by sealing 3. ss ys as ry ee od Ss A 22 19 
WEpIIORIU SS TOSery pin 92 kk eS fe on or eee 14 10- 
Rospsting Monthly. mximiam 22-2 ts occa da wee cee asek 5 aneuceeuadaene ed (3) 4 


1 To methyl red on Allegheny and methyl orange on Monongahela. 

2 Equitably assigned or average improvement if remedy applied constructed first or second. As a rule, 
projects applied first show increased benefits at expense of later projects. 

$13 parts per million minimum alkalinity in Allegheny at Aspinwall. 


The estimated monetary benefits to acid and hardness reduction in 
the Allegheny, Monongahela, and upper Ohio River Basin due to the 
suggested mine-sealing and flow-regulation programs total $1,133,000 
per year. This estimate is believed conservative as it is based on 1940 
damages instead of greater possible future damages and it does not 
include benefits to unevaluated and intangible items. Deducting © 
the cost of sealing of $870,000 per year from these benefits leaves 
$263,000 per year that can be spent on reservoir construction for acid 
and hardness reduction. 

In correcting sewage and organic industrial waste pollution without 
flow regulation, a higher degree of treatment (estimated as effective 
chemical treatment) would be required to maintain equivalent stream 
conditions. Estimated additional annual costs of the selected chem- 
ical treatment over primary treatment is $300,000 at Pittsburgh. 
Flow regulation above Pittsburgh would increase the minimum flow at 
Cincinnati and this increase would result in savings for similar reasons 
of an additional $300,000. | | 

While the flow regulation is designed primarily for acid pollution 
control, minor adjustments in the operating schedule make it possible 
for the flow regulation also to serve as a valuable aid in organic 
pollution control. The two flow regulation objectives fit well together 
as acid discharges are at a minimum during dry periods when aug- 
mented flow is required for organic pollution control. An examination 
of flow and acidity records indicates that acid control and organic 
pollution abatement can both be accomplished with the exception of 
1 month (also excepting 1930) in 10 years and this accomplishment 
has been taken as satisfactory. 

Annual benefits to flow regulation include $263,000 left after deduct- 
ing mine sealing costs from acid and hardness control benefits, plus 
$300,000 for organic pollution control at Pittsburgh and $300,000 for 
organic pollution control benefits at Cincinnati, making a total of 
$863,000 per year. For a storage of 580,000 acre-feet, the annual 
benefits or the amount that can be economically spent per acre-foot. 
per year is $1.49. 


200 OHIO RIVER POLLUTION CONTROL 


A summary of the cost and benefit relation is as follows: 


Annual benefits 
and costs 

IBGHORURP AGL GORENG! a2. kt i a ee to es es eo $1, 133, 000. 00 

“Cost. mine sealing to date and future... 202222 22 Yoel § 00 

Balance, acid control for reservoirs._..........--------- 263, 000. 00 
Benefits, organic pollution control: 

Eg 1 ROC IEALS SESS SEIT eRe RS SY a ae AMON Sea Aw YX 300, 000. 00 

Spt SAR P21 eeapp N (e ae Rd oI 4. GA Ia oS Ais See LAMP NE eS SE aa 300, 000. 00 

Tota aveniapie (Or reservoirs... sce ee 863, 000. 00 

eee aerectoot sob pe NT ao Be te patiad FPioty bite 4 hones 1. 49 


Reservoir benefits are, in large measure, due to equalizing and 
surge reducing effects following mine sealing in order to develop full 
benefits from the sealing program. The balance for reservoirs 
indicated is, therefore, available to the extent shown only if and when 
the mine-sealing program is assured. Mine sealing, on the other 
_ hand, can be justified beyond reasonable doubt as a single independ- 
ent remedial measure. 

Studies conducted by the Corps of Engineers disclose that storage 
capacity can be provided in the quantities required for low-flow 
control in the Allegheny-Monongahela-Upper Ohio River Basin. 
It is further indicated that the best development of the water re- 
sources of the basin would provide low-flow control as a function of 
multiple-purpose reservoir operation. Under such circumstances, 
the average annual benefits which could be reasonably assigned to 
such an improvement would be in excess of the average annual cost. 


INTRODUCTION TO DRAINAGE BASIN SUMMARIES 


The basic information of the Ohio River pollution survey has 
been presented in summaries covering the main Ohio River, minor 
tributary basins and the 19 major tributary basins. An effort has 
been made to have each summary complete in itself. Certain ex- 
planations, applicable to each, have been made in this section to 
avoid repetition. 

Insofar as possible, information for each basin is presented in as 
near identical form as possible, according to the following general 
outline: 

Syllabus and conclusions. 
Description. 

Presentation of field data. 
Presentation of laboratory data. 
Hydrometric data. 

Discussion. 

Accompanying the text are a number of tables, maps, and charts. 
With the exception of the division on the main Ohio River, similarly 
numbered tables and figures cover similar material in each basin 
summary. 

In the tabulations of costs (table 1) the annual charges are based 
on interest rates of 3% percent for municipal and 5 percent for indus- 
trial construction and periods for amortization of 40 years for inter- 
ceptors, 20 years for municipal treatment plants and 10 years or less 
for industrial corrective measures. Studies of interest rates and 
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life of treatment facilities have indicated that these figures represent 
about the average experience of municipalities and industries. Cost 
estimates of individual projects are not shown except in a few cases 
where they are based on engineering surveys. Since most of the 
estimates are not based on detailed studies of each situation they 
may be considerably in error in individual instances. Grouped for 
an entire basin, the probability of error is greatly reduced and it is 
believed that the figures shown are an accurate indication of the cost 
of the suggested pollution abatement program. Costs of providing 
lateral sewers or for the extension of sewers to areas now lacking them 
are not included in the estimates. 

The urgency of the individual projects for which cost estimates have 
been made is far from uniform. Some projects are needed to correct 
critical pollution conditions while in other cases the need and justifica- 
tion for the expenditure are less outstanding. The basin summaries 
place stress on the more critical and larger sources of pollution where 
effects are not confined to local areas. However, cost estimates pre- 
sented apply not only to the urgent situations but to a complete 
program of pollution control such as might take place during the course 
of the next 10 to 20 years. In the special case of a stream highly acid 
from the effects of mine drainage, expenditure of public funds for acid- 
reducing measures should precede or at least parallel expenditures for 
sewage and organic pollution abatement. 

Cost estimates are based on average experience from 1928 to 1940. 
Costs for 1942 would be considerably higher and future costs will 
probably be subject'to further change depending upon fluctuation in 
construction costs for this type of work. 

Throughout the report quantities of organic industrial wastes have 
been expressed as ‘‘sewered population equivalent (biochemical oxygen 
demand).”” Extensive measurements have shown that the average 
oxygen demand of domestic sewage is 0.168 pound (5-day, 20° C.) per 
capita per day and this factor has been used to convert industrial waste 
loads to a readily understandable basis. In the tabulations of sources 
of pollution (Table 3), the column ‘“Sewered population equivalent 
(biochemical oxygen demand), untreated’’ represents the total of the 
population connected to sewers plus the populations equivalent of 
industrial wastes discharged at each locality. The difference between 
this column and the adjacent column ‘Sewered population equivalent 
(biochemical oxygen demand), discharged” represents the reduction 
in the pollution load due to treatment in a municipal treatment plant. 

Where accurate Jaboratory results of’ treatment plant operation 
were available, these were used to determine the pollution load both 
before and after treatment. In the absence of such records reductions 
of 35 percent by primary treatment and 85 percent by secondary 
treatment were assumed. 

No differentiation has been made in the tables, maps, or charts be- 
tween industrial wastes which are discharged only seasonally and those 
which are discharged throughout the year. The pollution loading 
shown represents conditions during normal operations at the height 
of the season. In the case of the canning industry, this may occur only 
during a few weeks in the year but these few weeks are often during the 
late summer when the effects of organic pollution on the oxygen 
balance of the stream are most serious. On the other hand, the season 
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for distillery operations in most cases is during the winter months when 
the effects of oxygen-depleting pollution are less serious. 

Nowhere in the report has a quantitative statement been made as 
to the reduction in the industrial waste pollution load due to treatment, 
recovery, or other measures at the industrial plant. Such a statement 
would necessitate a definition of the strength of untreated industrial 
wastes from each type of industry. This is impracticable since the 
strength of the wastes depends to a large degree on plant practices 
which vary widely. For instance, in some meat-packing plants all 
blood, paunch manure, and offal are recovered and in others these 
materials are discharged to the plant sewers. Wastes discharged from 
vegetable canneries have been found to vary by as much as 400 percent 
due to differences in “housekeeping” methods. Wastes from paper- 
mills vary depending on the use of save-alls, recirculating systems and 
other pollution reduction measures. At some plants reduction In 
pollution is inadvertent and is brought about by the recovery of valu- 
able byproducts or prevention of waste of raw materials. At others 
expense is incurred which produces nothing but a reduction in pollu- 
tion discharges. Tabulations of industrial wastes (table 4) show the 
number of plants that have taken steps of either kind which result in 
some reduction in the pollution load from the plant. 
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MAIN OHIO RIVER 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Ohio River is one of the most intensively used large streams in 
the United States, supplying water for municipal and industrial use, 
urnishing a method of sewage and industrial waste disposal, providing 
transportation facilities and providing many sources of recreation. 

ittsburgh, Cincinnati, and Louisville, the largest urban centers on 
he river, contribute the largest amounts of pollution and there are 
More than 100 smaller places discharging untreated sewage and 
Wastes. Municipal sewage, acid mine drainage and industrial wastes, 
Such as phenols, which impart objectionable tastes and odors to 
drinking water are the principal polluting substances. 

The interstate character of the Ohio River is in part responsible 
for the lack of progress made to date in controlling the pollution of 
the stream. The Ohio River Valley Water Sanitation Compact, which 
has been approved by the Congress and ratified by four of the State 
egislatures, pledges the States to joint action for pollution abatement 
and provides for an interstate administrative agency. This compact 
Should be ratified by the remaining State necessary to make it 
Operative. 

This report presents a summary of the information collected and 
Outlines a program of sewage and industrial waste treatment for the 
Main Ohio River. Such a program, coupled with a_basin-wide 
Program of mine sealing, low-flow augmentation and similar programs 
of waste treatment on certain tributary streams would provide an 
economical and effective method of reducing the pollution of the 
Ohio River. 


CONCLUSIONS 


(1) Thirty public water supplies serving 1,663,000 people are 
taken from the Ohio River proper. 

(2) Sewage from about 2,700,000 people and industrial wastes 
equivalent in oxygen demand to sewage from an additional 2,850,000 
People enter the Ohio River and the lower stretches of tributary 
Streams. Only about 1 percent of the sewage is treated prior to 

scharge. 

(3) Laboratory surveys made during 1939-41 showed notable 
Oxygen sags below Cincinnati and Pittsburgh and heavy bacterial 
Pollution below these points and many other cities and at a number of 
Waterworks intakes. The main stream was found to be acid as far 

ownstream as Marietta, Ohio, during a part of the sampling period. 


\ It is known to have been acid further downstream on other occasions. 
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In general, the tributaries are in as good or better sanitary aonditiah 
at their mouths than the main stream and the effect of tributary 
inflow is not particularly noticeable. 

(4) The major pollution control measures needed on the main 
river are: (a) Reduction of bacterial pollution, particularly at water 
supply intakes; (6) reduction and prevention of the further spread 
downstream of acidity; (c) prevention of taste.and odor troubles in 
public water supplies; and (d) correction of objectionable nuisance 
conditions due to oxygen depletion, discoloration of the stream, 
floating sewage and other solids and scum. 

(5) Efficient primary treatment of sewage plus continuous chlorine 
tion should effectively reduce bacterial pollution. Primary treatment 
of sewage and organic industrial wastes should correct nuisance 
conditions in the stream, except below Cincinnati and Pittsburgh, 
when very low flows and high water temperatures prevail. Supple- 
mentary measures of low-flow augmentation or chemical treatment 
would correct these conditions, 
- (6) Prevention of taste and odor troubles will requiré special indus- 
trial waste treatment at byproduct coke plants, at some chemical 

plants and at other establishments with similar types of wastes. 

(7) Reduction in acidity can be most effectively and economically 
achieved by a basin-wide program of mine sealing combined with a. 

program of low-flow augmentation.’ Neutralization of waste indus- 
_ trial acids would aid in reducing acidity. 

(8) The following estimates of cost of existing works and of a 
suggested program of sewage and industrial waste treatment is 
summarized from table Oh-1. The bulk of the cost for new work is 
at Pittsburgh, Cincinnati, and Louisville. 


Treatment Capital cost | Annual charges 
PTIO ecb ba Sn oe tee Cia Aks CiSak condo etehucwa stot onan unonaemeen $1, 080, 000 $95, 000 
Bognested Mamienotiake otek fase. A ee Eee eae 71, 030, 000 6, 710, 000 


The estimated additional cost over existing charges of a program 
involving secondary treatment at all sources of pollution on the Ohio 
River is— 


Treatment Capital cost | Annual charges 
Hig ycotlegalglyret Dye] Uc. IpSiea Sakae Sl cea ee ale eee eaere LIBAN. EM MENS, Dace ibd Cy? $71, 030, 000 $6, ca 000 
Secondary, all pinche Fee Dike Ree A yok ee 86, 620, 000 8, 700, 000 


1 See section of report on acid mine drainage. 
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Taste On-1.—Main Ohio River: Estimated cost of existing and suggested minimum 
corrective measures for sewage and industrial wastes, with comparative costs for 
primary and secondary treatment 


Number of Annual charges 
plants Popula- 
ee Ee rae * Capital 
d connected rank Amortiza-| Operation 
- ik sa to sewers tion and |andmain-| Total 
ary y interest | tenance 


Existing sewage treatment....|. 4 | __16 | __22, 500 | $1,080,000 | _$65.000 | _ $30,000 | _ $95, 000 
8 ested minimum correc- 
ion: 
Sewage treatment plants __ lll 0 | 2,018, 500 | 27, 560,090 | 1,940,000 | 1, 765, 000 | 3, 705, 000 
Heguired mterceptors eit wtih ee aS he e e eae 40, 350, 000 | 1,890,000 |__-______-- 1, 890, 000 
Independent industrial 
Waste CORneCTION *s2< 2 Te ol tre les oc ceases ey eu, Coe 410, 000 705, 000 | 1, 115, 000 


——— | | | so | | 


Total oA DPE es Tea Bh | ESE et een = 8 Be 71, 030, 000 | 4, 240,000 | 2,470,000 | 6, 710, 000 
Com arative cost: 

rimary treatment, all 

WASLO! Assos whee alee A SE ae Mes) WS a Ki eaters? Paes. 71, 030, 000 | 4, 240,000 | 2, 470,000 | 6, 710, 000 
Secondary treatment, all 


WAS onan aken okt aek le ane Snot n | ote oe 86, 620, 000 | 5, 335,000 | 3, 365,000 | 8, 700, 000 
As suggested - ---- Puce ewer ee ost a ee 71, 030, 000 | 4, 240,000 | 2,470,000 | 6,710, 000 
>, Sa et ee ee ie Be SS a: ee 2. Sr rie RSS Feds be ee Lees Up ed Phe seven. 


Nore.—Costs shown above include the cost of interceptors and treatment works for city of Pittsburgh 
8nd its suburbs along the lower Allegheny and Monongahela Rivers and Chartiers Creek whose wastes 
Would probably be treated at a plant along the Ohio River. Y 


Description 


The Ohio River is formed by the junction of the Allegheny and 
Monongahela Rivers at Pittsburgh, Pa. and flows in a generally south- 
Westerly direction for 981 miles to its confluence with the Mississippi 

iver. It forms the boundary between 5 States: Ohio, Indiana, 
and Illinois on the north and West Virginia and Kentucky on the 
South. The 203,900 square miles drained by the Ohio River and its 
tributaries comprise roughly one-fifteenth of the area of the United 

tates and include parts of 14 States. Most of this area is drained 

y the 19 major tributaries which are discussed separately. About 
23,780 square miles of the watershed drain directly into the Ohio 

iver or through minor tributaries. This section of the report is 
Concerned only with the cities and towns on the Ohio River proper 
Or in metropolitan areas which touch the river. 

The three largest cities on the Ohio River are Pittsburgh, Cincin- 
Nati, and Louisville. There are 86 incorporated municipalities of 
More than 2,500 population on the Ohio River and 131 additional 
Smaller incorporated towns. The population of some of the larger 
Cities and of the entire area is shown below: 
icy. ATR) er See ERNE Se ae ee ee) Coals oe ees SESE ERAS CEL ee © eee Reise ee Ss SES SES me SE estes Sy FS Lee 


Population 
2 1910 1920 1930 1940 
pa EE RES EERE ERE ES BSE Be. Bek Tee Pele OS Oe era oP See aa te AES 1B ESR EMP SS. PERCE yt ae SSS tebe Es 
Principal cities: : 
PTS DUTRD, se Ose te ho ged ee oe ke ti 533, 905 588, 343 669, 817 671, 659 
Sineinnel, Ome. 225255 ak a seete ona belt 363, 591 401, 247 451,160 | 455, 610 
WOuaClO We Vrdst os cek abet en doe check eestor 223, 928 234, 891 307, 745 319, 077. 
Pvansyilie tad no. cot eee ces eee 69, 647 85, 264 102, 249 97, 062 
untingtor, Wo Na... rei bess ae see 31, 161 50, 177 75, 572 78, 836 
MDOUINGLON, I Vice cle er a gg Ss 53, 270 57, 121 65, 252 62, 018 
mV heelings Wi Vels. 22S Be el i rie ca 5a 41, 641 56, 208 61, 659 61, 099 
Entire area: 
OS CE eee a age SR keg ee area oe Se ey 1, 839,366 | 2,133,585 | 2, 540, 749 | 2, 570, 592 
114) Te (SR Soeeiaea s aed lea Tc © BER as! Skee ce ieereh Rae ae 120, 993 118, 004 115, 251 127, 217 
WOtAE?: 2sfosscte oP red taget es ices Seis 1, 960,359 | 2,251,587 | 2,656,000 | 2, 697, 809 


' Includes only incorporated communities of less than 2,500 population on the Ohio River or in metropol- 
Itan areas along the stream. 3 
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Most of the Ohio River cities are relatively old and their rate of © 
growth during this century has been less rapid than that of other 
cities. in the basin. 

Steel production is the outstanding single industry in the Ohio 
Valley and is predominant in the section above Wheeling. Most of 
the Ohio River cities below the steel area are more important from the © 
standpoint of commerce and transportation rather than as industrial 
centers. 

Water uses.—Forty-six locks and dams provide slack-water naviga- 
tion for boats at 9-foot draft for the entire length of the river. A 
number of additional locks and dams have been replaced by fewer 
structures of higher lift. In 1940 almost 30,000,000 tons of freight, 
the bulk of which was coal, were moved by river. 

The only hydroelectric development on the Ohio River is at dam 
No. 41 at Louisville. Relatively small amounts of power might be 
generated at some of the navigation dams. 

The floods of 1936 and 1937 focused national attention on the need 
for flood protection along the Ohio River. Studies by the United 
States Engineer Department have indicated the value of reservoirs 
on tributaries in reducing flood damages along the main stream. 
Tributary reservoirs are discussed in the basin summaries of this 
report. A number of possible sites for high dams on the Ohio River 
have been studied but none have been constructed nor authorized by 
the Congress. 6 6H: 

In spite of many drawbacks the Ohio River is used extensively for 
recreation. There are numerous boat and yacht clubs and a number 
of bathing beaches are well patronized. There is considerable sport 
fishing in some sections of the main stream but much more on minor 
tributaries. Commercial fishing is practically limited to the lower 
half of the main stream and is not of great importance. 


PRESENTATION OF Fietp Data 


Figures Oh-1, Oh-2, and Oh-3 show the location and magnitude of 
the more important sources of pollution along the upper, middle, and 
lower thirds of the main Ohio River, respectively. Figures Oh-4, 
Oh-5, and Oh-6 show similar data and, in addition, the location of 
water supply intakes and selected laboratory data on coliform organ- 
isms, dissolved oxygen, and biochemical oxygen demand. 

Public water supplies—Thirty public water supplies serving 
1,663,000 people are taken from the Ohio River. The three largest 
supplies (Cincinnati, Louisville, and Evansville) serve a total of more 
than 1,000,000 people. Table Oh—2 shows data on the Ohio River 
supplies and on three other surface supplies developed by Ohio River 
communities from unpolluted sources. The heavy pollution at many 
of the water intakes necessitates very careful and complete treatment 
of the water. The supplies subject to the heaviest pollution are those 
in the upper 100 miles of the river, and those at Ashland, Ironton, 
Portsmouth, Aurora, New Albany, and Henderson. The Cincinnati, 
Covington, and Newport supplies, which are taken from the river 
within 1 mile of each other, and the Lousiville supply are somewhat 
less seriously polluted. Several million dollars have been spent in 
recent years to improve water treatment plants because of heavy 
bacterial loadings and taste and odor difficulties. 
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TABLE On-2.—Main Ohio River: Surface water supplies 


. F Treat- | Population] tion 
sane oo Source =| Mile') ment? | served | million 
ory gallons 


\ 


Supplies Below Community Sewer Outfalls 


aaa Ets genni siete Hines Obio River... 45] FD 12.000 2. 50 

SS ae eee eee Kentucky.....--|----- Ges 222 2 46.9| FD 33, 800 2.75 

Miplconda. <ci.4-----------.. TilinglG. soi kak. Ra 78.5} FD 600 03 

G0. 5, 90.0} FD 1, 800 .08 

Ms 137.0| FD 3, 000 117 

; 140..7| FD 300 01 

‘ea do. 151.9] FD 5, 600 ‘7 

pay £8 ee urs Kentucky do... 178.0 FD 14, 000 3. 50 

@ransville......---.----.-< Indiana.__--.---|--_.- Pw FS 139.4| FD 105. 000 11. 10 

Pew Albanys. swtstce.c.- 2-2 ep aad FF Cee LS 372.6| FD 25. 000 2.00 

MISVING: EAL oseet os Kentucky... ___-}_--.- 0; 32.24 5 FD 350, 000 43.70 

UL ieee ae eee IndiabAeer: oi Ashe... dove 2 se 484.3 FD 1,200 aT 

Newport LRT: PP ae Rieneneley=. isnt 05 de2- 2 3-2°F Yelies. FD 56, 500 4.00 

ee RR ot Bee | aoe ee do. 2i-t-| SIT FD 96, 800 7.50 

BreiringdGl 2c soca = oo OmMGay So? sel Goes 2 eo Sis72 LD 560, 000 61. 30 

RNG 4 cycle ek Kentucky__.-__-|_...- Pees! 5726| FD 8.000 3 

Portsmouth_..-------------- lies, cra. tks oo: décn 630.1] FD 55, 000 3. 60 

Ir a : FD 18, 000 1.00 

FD 45,000 1.81 

FD 89, 000 6.00 

FD 6, 000 40 

FD . 2,800 \ 165 

FD 13. 800 3.10 

FD 70,000 5.00 

FD 37, 600 3.46 

FD 14, 000 1.00 

LD 7, 400 .30 

East Liverpool_------------|---- CE RR OS Bakar yee ee 940.8| FD 23.000 3. 50 

1 iphad aeg ee Pennsylvania___|__...do........- 945.1| FD 6, 300 40 

Dixmont Hospital ---------.|----- Wes aie Snel cs ace 973.4| FD 1,500 ‘67 

Other Surface Supplies 
Brooksville...-------------- Kentucky... .. Impounded ...|__.-.--- FD 500 0.02 
New Cumberland. --------- West Virginia.._| Spring-well- |_.----.- D 2,000 :06 
impounded. 

Metisville. |. seas soos —5 Oliese ss cts Impounded...|..--....| FD 7,700 1.15 
Total: 

: TiBlg ye BOWE OUtISS. SP oe Careers a Pe oad the eee ee 1, 663, 000 170. 88 

FS CET ah ES SEND SRN GR IBINS Se Ree os AE 10, 200 1.23 

Tetalerince Water SUmNOR sae do a) 3 seer ee ot thet ue shoes aeretee ae 1, 673, 200 ‘172.11 


1 Location of intake in miles above mouth of Ohio River. 
2 F=Coagulated, settled, filtered. LL=Lime-soda softened. D=Chlorinated. 
? Community on minor tributary of Ohio River but water supply from main stream. 


Sewerage.—Table Oh-3 shows the sewered population and the total 
Waste load at communities on the main Ohio River. Table Oh-3 
and figures Oh—-1 to Oh-6 show the size and distribution of these sources 
Of pollution. Sewage from more than 2,000,000 people is discharged 
at these places, only about 1 percent of which is treated. In addi- 
tion, sewage from about 640,000 people enters the lower Allegheny 
and Monongahela in the Pittsburgh area just above the source of the 
Ohio River, and sewage from about 78,000 people enters the Little 

iami River near its mouth, at Cincinnati. The concentrations of 
Population and pollution in the upper 100, miles from Pittsburgh to 

elow Wheeling; in the area from Huntington to Portsmouth; around 
Cincinnati; Louisville, and Evansville, are notable. 
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Pinbe Oxn-3.—Main Ohio River: Sources of pollution, including industrial wastes 
expressed as sewered population equivalent (biochemical oxygen demand)! 


Sewered eae re 
3 equivalent 10- 
River miles Popule- chemical oxygen 
Municipalit Stat tion con- | rrestment | “man 
un y 6 Wao Tag cel EES BE nected to Teal en 
sewers 
Above | Below Un- Dis- 
mouth burgh treated | charged 
UE TCT Sec ieee 5 eta a 2 979 12,000 | None__..-- 12. 000 12,000 
EOLFODOMS t= <2: Loess. do.__. 37 944 4; 200+} 22. do-2czccs 4, 200 4, 200 
Paducah. -.-.-- 46 935 29, 000 }..-do__..... 39, 600 39, 600 
Mount Vernon i 152 829 4200 7-2 dow. sce 6, 000 6, 000 
Henderson. 177 804 11008: }-<3-40; -. . 4. 14, 000 14, 000 
Evansville. 189 792 | 103,300 | Secondary®.| 192,300 191, 200 
Owensboro... 222 759 25,600 | None__---- 64, 400 64, 400 
Mert Cit gi= es es Indi 254 727 3; 600 [i2¢d0..-=2=2 4,700 4,700 
ge Albany-Silver 372 609 18, 300 |---do.....- 40, 600 40, 600 
ills. 
Louisville and suburbs..| Kentucky-_------ 377 604 | 304, 300 |.--do_ _-__- 906, 900 906, 900 
J yi gua ds iii nn] MCAT 22s So 378 603 42000 |-—. do. 35-<- 14, 100 14, 100 
ville. 
NGAQIAOI 2) Cueto os |e scu GOs ansze 423 558 7, 100 T2G0. 2s ose 18, 900 18, 900 
Lawrenceburg.__.-......]----- OL es oe 488 493 2.500 | Secondary. 74, 000 71, 900 
Cincinnati and suburbs} | Ohio------------ 507 474 | 512,000 | None _ __-|1, 569,400 | 1,569, 400 
Covington and suburbs-| Kentucky_-_---- 510 471 77, 800 145, 900 141, 600 
Newport and suburbs_-_-]---_- GO Wee eee 611 470 60, 800 |---do.2____- 69. 400 67, 800 
Pravevilie wats 2-02-22]. douse ates as 572 409 6,000 | None___- 13, 000 13, 000 
eer oh og outh-New | Ohio......------ 625 |- 356 45,500 | Primary?.} 60,000 59, 100 
oston. 
PrOMtOnckeettss acne to Gon sss eee 653 328 12, 500 | None-_.--- 32, 500 32, 500 
ES SEC EDs Bisa geile aa Kentucky. __-.- 658 323 21,090 | Secondary?.| 46, 100 43, 100 
Watlketsvule sso Les Lsu| 8 dor areca 663 318 3,400 | None--..-- 8, 400 8, 400 
Ceredo-Kenova.-__-:..--| West Virginia_-- 666 315 §; 1005 .d0-=<252 5, 100 5, 100 
RTE a Hi 9t4 1): epee aC oa PA a (5 bo ecelass 672 309 75,000 |---do...--.-} 95,800 95, 800 
ROMS et ee ae ORig Tate 711 270 620002. dos. 5, 000 5,000 
Pomeroy-Middleport___-|-.--- do_ eae ht 729 252 6: 000! /2--.do-. =.=: 6, 000 6, 000 
Parkersburg.__.....---.-- hd Virginia. = 796 185 36; 000 |---do..2.-.. 82.000 §2, 000 
Mistiene= taste 3) Ohlins.) 35 o2 809 172 13, 000;:}-<=do.-.-. =. 13, 000 13, 000 
Moundsville...._..-.-.- West Virginia_-. 879 102 16, 000 |---do___---- 16, 000 16. 000 
BIO BB ee! Sous Sates Rie oees oc 886 95 13,500: 25-80. 25- 13, 500 13, 500 
Wheeling and suburbs-- West Virginia. -- 890 91 67; 300>}=<:00;.....- 90, 100 90, 100 
Bridgeport-Brookside-_-.| Ohio.-.-.----.-- 891 90 5, 600° 1250: : 2. 2 - 5, 600 5, 600 
Wrareins Pelt ys: ¢2-)s.05|-~--- (ieee ey 892 89 14; 700 12-00: 2522: 14, 700 14, 700 
WelsSbDU er. 222 US skt West Virginia__- 906 75 6;:500'}--de-25-=<3 6, 400 6, 400 
Mingo Junction_-_.--.--- NOL sete 910 71 §, 100! a see 5, 100 5, 100 
Follansbee. .---...--.--- West Virginia_-- 910 71 $800 Fs dO scree 36, 800 36, 800 
Steubenville____...-.._- Oni0s wes benee 913 68 22.000: | 286 eas 44, 000 44, 000. 
Weirton and suburbs_-__- West Virginia... 919 62 16,700: | 25240. 36, 500 36, 500 
EON oe da gee COs Soe hes 921 60 7 O00 ad 13, 700 13, 700 
‘Wrollevilles- <2s 22. iit eee Ot ressae eee 933 48 75 000| 25-002 7, 600 7, 600 
Fast Liverpool_....---..|----- olf epee epey oe 1) 937 44 Bi, OOF Is=-dos --. : 23, 600 23, 600 
WMidIEnGs~ coc. casoncs ok Pennsylvania - _- 944 37 6, 300 |---do____._- 34, 200 34, 300 
Wervetiscstdkunt ache ect Oe ye ease 954 27 pl”) 1 Geeta amas ee 5, 600 5, 600 
LIAO elt oy Pe cape pee eee ee (ae 020. eis 956 25 10, 000 |---Go_---< 10, 000 10, 000 
JUG 1: RR oe si 8 Cals Sgt Sipe ys kes 956 25 ALE hy Heme a | Beep: 8, 000 8, 000 
MRGCUUMNS sential ovcnsanslt gree Lif Bala EC? ages 957 24 3200} odo 4,900 4,900 
INNO OR te, So sataeteso|S eee a Cee ks ohes 961 20 27,000: 1-00. 22 120, 000 120, 000 
By rti Oh {at a: Besant oe eee Bere ae CF ee a 965 16 25.000 |..-do.-..... 25, 000 25, 000 
Gamiokleyn sve sts eos ok O0is, wane 969 12 6.6001). Aesecss 5, 600 5, 600 
RI ONS) 2 aac eal cee OU ota hee 97 10 10; 200°); --d0 52. 10, 800 10, 800 
Neville Township. __.._.|----- ati paoom teers 973 8 1,500 |-.-do.......] 24, 400 24, 400 
Emsworth-Ben Avon-_--|----- Gobo cease 975 6 Dy BO: ke ae 5, 200 5, 200 
Bellevue-A valon_-__._.--|----- as see 976 5 16, 8004|)$2.d0 43324 16, 800 16, 800 


1 Includes communities on Ohio River and other adjacent communities which probably will discharge 
waste directly to the river when sewage treatment facilities are provided. 

2 Small portion of sewage treated. 

3 Exclusive of wastes now entering Little Miami River. 
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Taste On-3.—Main Ohio River: Sources of pollution, including industrial wastes 
expressed as sewered population equivalent (biochemical oxygen demand)—Con. 


Sewered epee ka 
equivalen 0- 
River miles | popula- chemical oxygen 
tion con- demand) 
Municipality State ______| nected to | Treatment 
sewers 
Above | Below Un- Dis- 
mouth burgh treated | charged 
Pittsburghandsuburubs!5} Pennsylvania...| 980 1 | 261,700 | None__..-- 278,600 | 278, 600 
SE TS Bo Tec Se SES a aie RAE eae Ae! RE Is ee 72, 700 (8) 78, 100 75, 300 
Total: 
IPL TT Tey Saat Meee EUR ame Seer ICMR (E> TNS a AR SOO hs. aoe a 18, 700 18, 400 
ATM ae WRI lalate eB one neck | tne onl eeeee 157,400 lo cocescacewe 357, 000 353, 500 
Weantuckey? su ort a, is oe A cca $45) 700" bo ce 1, 316, 300 | 1,307,000 
[et ponte ae Mah S12 ee A eee 2 cubed ea fA ht ea et 1, 833, 700 | 1,832, 200 
Penos yi VOUIbe eee cde eu coe Slo eke asta B04; S00: as oe soc 60,400 | 559, 200 
. Wreabiv Weinines Falster CS a ae ee 208) 200: Fac eb cecee 398, 100 398, 100 
Mitekeativomeennast 2 So ee adh a 2, 002, 200 |....-..----- is 484, 200 | 4, 468, 400 


4 Pollution loads from Pittsburgh and suburbs are distributed to Allegheny and Monongahela Basins 
&nd Main Ohio River as follows: 


Sewered population 


mili y equivalent  (bio- 
River miles \ chemical oxygen 
it fier oen: demand) 
Municipality State alan Reenter tight SORIA 


Below sewers 


Above Pitts. Un- Dis- 


mouth burgh treated | charged 
~~. ——— ee ee ee ee es 
Pittsburgh and 
suburbs: ; 

A _ egheny | Pennsylvania___ O-8 S242 320, 500 | None.___-- 597, 200 597, 200 

iver. ™ 
eo Bisa nit fic 0-10) [reget eso. 319, 500 |_._.- do:2 458,500 | 458, 500 

ver. 

Ohio River_---}-.... ci 1 AN Reece Oe 1 eee 0-4 263700 foo ve a 278, 600 278, 600 
IMAL 2c Saws |awcccewsaeetpau Te tere ae ac dete O08 00 eee 1, 334, 300 | 1, 334, 300 


6 Exclusive of wastes now entering Allegheny and Monongahela Rivers. 
6 Secondary treatment at 3 places, primary’at 3, none at others. 


_ Industrial wastes—The oxygen demand of industrial wastes enter- 
‘Ing the Ohio River is equivalent to that of sewage of about 2,400,000 
people. Industrial wastes with an additional population equivalent 
of about 415,000 enter the lower Allegheny and Monongahela at 
Pittsburgh, and the Little Miami at Cincinnati receives industrial 
Wastes with a population equivalent of about 50,000. Table Oh-—4 
Summarizes the industrial waste load by type of industry and method 
Of disposal with the exception of the industries at Cincinnati which 
Were not surveyed individually. Distilleries, byproduct coke plants, 
Meat-processing plants, and breweries are the largest sources of 
Organic industrial wastes outside of Cincinnati. At Cincinnati, soap, 
fertilizer, glue, paper, and meat plants, tanneries, and breweries are 
the principal sources of industrial wastes. 

More than 80 percent of the organic industrial waste load is dis- 
charged from the Cincinnati area and downstream, the largest con- 
Centrations being at Cincinnati and Louisville (see table Oh-3). The 
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largest sources of organic industrial wastes along the Ohio above Cin- 
cinnati are the byproduct coke plants associated with blast furnaces 
in the steel-producing area. All of these plants are located above the 
Scioto River. 

The principal industry along the upper river is steel production 
and, although large amounts of water are used in the steel mills, 
deleterious wastes are practically limited to spent acids used in pickling. 
A total of about 120,000 pounds of acid per day are discharged from 
the 62 steel plants along the river and almost all of this enters the 
upper 100 miles of the stream which is acid for a considerable part 
of the time, principally because of mine drainage. 


TaBLE On-4.—Main Ohio River: Summary of industrial wastes discharged to the 


stream 
Industrial waste Estimated 
disposal At least retard 
Nonber }-——— 4 ine popula- 
* Industry of correc- | tion equiv- 


: tive alent (bio- 
plants wee Private | measures} chemical 
Pp outlets | taken oxygen 


demand) 

SOS Tabe a IRE ap ae Sak pa eS 14 10 4 2 42, 500 
1 DE TS i BS aS 8 OF AS aes Le 52 32 20 32 118, 200 
[ede ed SRE oe A Goat eee Sate a ERE ea 41 38 3 2 16, 900 
25ST yy 11 Tie pee: aa 1, Ea oe oie 0 Aaah ae ene em 13 1). REA Soe 13 103, 200 
LD S05 NI 1 Sa il a a ae i A A sie aR 24 4 10 11 588, 700 
sR ae Sen Ae ie Ee ae = Se 3 2 PA eee 21, 600 
MB IL A ai SE EA ec RS Sh Re eA eee 10 8 2 3 44, 400 
15 212) 1 fie cael dll oa RE ee RR ae iene ee re 6 2 4 3 19, 900 
VECO eee SRE Sa ES Sn, Pn Tag Sele a 2 10 4 6 7 67, 300 
LON) A aN 7 Te a ee al a ell es Hel eet te ree 2 12 2 10 ll 46, 100 
OPEL ECE OGRE Os 220 22 t tee oy ee 8 1 ¥. 7 234, 000 
PG ete Se ee A hn 62 3 59 Bp ret sa 
Mime laneenis et 0 22 me ye ae to 59 28 31 19 31, 800 
Pena SY SN ae ete BN ee cece Ee ee 

Sites 20 oe ek Oe Poe 314 157 157 125 1, 334, 600 
epGUStriel wastes teCincinnatl Bewere ti23) ee hee Sesacck ch cc ee 1, 057, 400 
Potel industrial waste load, Ohio River... 2.3.6 ds. -c ooo c i oc see sc cc ccc eecae bocce 2, 392, 000 


1 Industries not surveyed individually. Population equivalent based on comprehensive sewer gaging 
and sampling program of city. 
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PRESENTATION OF LABORATORY DatTA 


Laboratory data on the main Ohio River are summarized in tables 
as follows: 
_ Table Oh—5.—Seasonal average results. 
Table Oh-5A.—Frequency in designated ranges. 
Table Oh-5B.—Average phenol results. 
Table Oh—-7.—Monthly average results. 
Table Oh-7A.—Acid stream results. 

Stream samples were collected from February 1939 to March 1941 
and examined at the Cincinnati laboratory, the laboratory boat 
Kiski, and mobile laboratory units. The following schedule shows 
the periods during which samples were collected on the various'stream 
Sections and the laboratories at which the samples were examined: 

Pittsburgh to dam 13: October-December 1940 (Kiski laboratory); May 
1940—March 1941 (mobile laboratories). 

Dam 14-dam 23: May-September 1940 (Kiski laboratory); January— 
March 1941 (Kiski laboratory). 

Point Pleasant-dam 32: June 1989-April 1940 (Kiski laboratory); April 

. 1940 (mobile laboratories). 
Dam 33-dam 39: February 1939—April 1940 (Cincinnati laboratory). 
Dam 39—mouth: June 1940—March 1941 (mobile laboratories). 


PITTSBURGH TO HUNTINGTON 


The Ohio River was at low or moderate stages during the entire 
Period from May 1940 to March 1941. Consequently good high- 
Water observations are not available for the section above the mouth 
of the Kanawha River at Point Pleasant. 

Figures Oh-8, Oh-9, and Oh-10 show the most unfavorable monthly 
average coliform, dissolved oxygen, and biochemical oxygen demand 
results respectively, as found by this survey. 

Migure Oh-7 shows group distribution and seasonal averages of 
coliform, oxygen demand, and dissolved oxygen results at each of the 

hio River stations from Pittsburgh to the mouth for the entire 
Period of the survey. Table Oh—5 shows seasonal averages of labora- 
tory results at these same stations. In figure Oh-11 variations in 
Coliform, dissolved oxygen, and oxygen demand results during the 
Sampling period are shown for four sampling stations between Pitts- 
burgh and Huntington. The generally high dissolved oxygen and low 
Oxygen demands in the river as well as the more sensitive changes in 
the coliform content throughout the survey period are shown by these 
charts. A marked dissolved oxygen depression is noted at Ems- 
Worth Dam in October. 
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, TasLE On-5B.—Main Ohio River: Average phenol results 
: 
Number} Average | Phenol, 


Sampling point Date 1940 samples ore. Peillion : 
1 Da ee ea nee ee ee 
Emsworth Dam_....---------------------0007-0-- October.....-..-- gear 1-9 OP es 
November....---- 4 os () 4.0 
December-...----- ; = : (1) 4.3 
So wees ee eae eer September --.----- 1 te 3 (1) 
Dashield Dam---.--- October. papeees ore 1 4 8 0 
Montgomery Dam..------------------------------ ovember-.--.---- 
Ree i eee ee September-------- 1 19.5 1) 
Dam No. 7-.----- October_....--_-- 1 13.5 8 
Dareny Coates 1 50 a8 
Dam No. 8...----------------------------=------- anuary e223 ; 
a ee reer Oetober-s-..- =; 1 17.5 a 
Dam. No.9... ---<- November. .-.-.--- 2 6.8 f 
December) <.2 5 1 3.0 4.4 
SEE | a ee September -...---- i at 10) = 
December eevee ee Pens 1 = 7 () i$ 
January (1941) ---- ; - 1 17. : 
3 12. 
Bp Tha hn db etna open December-...----- 1 5.7 () 
Dam No. 13_.------------------------------------ Oetaber 2 <2 2-==-2 : ans @) Pi 
November. ------- { 2 3. 5 () - 
December-_-------- 7 4.7 17.8 
January (1941) -.-- - : 3 ; 
Maria INO} 14s tee ose co once casa cde cane sen aetee May-.....-------- 4 18.4 Pee 
PUNE: 25a A 9 22:5 (1) 
SORE occ oe ne etre ciel + | - 4 (@) 
August__.....----- { 10 aoe (1) 18 
yee BEL Nie eee : 3 ‘ (4) as 
Ar ING. lO fos cc cencdes aot eer tenes conesensaeees BY aces ececo su i q 
MIDS Nl ch diy cag sta caine Se Rio ee aa eae : 3.3 ee 5 Ql) ad 
Argand Landing--.....--------------------=------ May...----------- { 2 19.6 () 
1 24.5 4 
2 23.8 f 
2 27.0 1) 
2 23.8 Q) 
1] Be] oo 
4 15.7 4.5 
4 16.8 (4) 
4 19.8 (4) 
2 2.5 2.6 
1 5.0 3.8 
1 7.0 11.5 
2 1.8 4.3 
3 3.9 6.5 
3 <2 (1) 
1 va @) “¢ 
PORHTSIN OGi as GU eee seat eased na beweneoe=e February--.--...- { . re: () : 
2 6.0 8.8 
atnay cae abe «Pete ala a 
a) [Cord Se 0 iad el pte aS eo epee re ebrulary...-- 2-25 ; 
a er Srp Laeseses : ~ (@) om ; 
Dafoe Nos: s0iaid oh*.-ce-- sol estat ona Pebruar yn ‘ 4 
RT it lie? eek, MOSS acoabke hae eee ap ee ee “i Ep ree Er 1 1.8 . 16.0 
yam IN Oy dele cobees abe ns a aan nt stan deen o == ae—e Us (0 aE Rate : =e (!) 
March. .....---.-- { 5 4.0 (1) 
#9) 5) 411 las ee ea a a 1 8.0 (4) 


1 Less than 1.0. 
2 Composite samples. 
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Acid stream conditions were observed in the river above Marietta, 
Ohio, during the summer and fall months when volumes of discharge 
were low. A summary of the acid results is included in table Oh-7A 
(p. 256). Acid doubtless influenced the laboratory results at times in 
the upper portion of the river. The effects of the highly acid Monon- 
gahela upon the Ohio immediately below its junction with the Alle- 
gheny are shown below. The extremely large decrease in coliforms 
and oxygen demand at Emsworth in October, as compared with No- 
vember and December, when the acid concentrations were lower, 
suggests the effect of acid upon the bacterial concentrations in the 
river. 


Quantity units 1 


pateves tee 
rom ischarge Mens} cre, Slee Flow 
Station Bridge ete pH | pera- |__ Biochem- time 
Pitts-. second) ture | Dissolved) ical oxy-| Coli- (hours) 
burgh? oxygen | gen de- forms 
mand 
October 1940 
YRC (2 1) eee ee 1.7 2, 900 6.2 16. 6 10. 72 13. 33 1, 690 
Monongahela__--..--.--- 05 2, 710 4.0 18.6 11. 38 5. 69 181 
Tigtel te seh PSs BRIO Meme 8 ete 22. 10 19. 02 1, 871 
2. 80 
@msworth 2: /f..5.--2-2 6.0 5, 460 5.6 16.3 21. 80 6. 00 > 
39.03 
UEP TILUE Co bs RT See gl Be 13.5 5, 710 6.6 16.0 44, 50 6. 30 57 
November 1940 
‘Afleshemy .. 2. oo S.uc. Jcé day: 10, 600 7.0 9.6 110. 00 28. 60 4,820 
Monongahela__....--.--- a] 14, 500 5.6 11.6 127. 60 36. 20 377 
Potal: P26 ssh ples estes £52004 seco tise ae 237. 60 64, 80 5, 197 poke 
14. 1 
WHS WOR 2. et 6.0 23, 660 6.2 9.0 244. 00 47. 30 2, 510 a 
PUAN aie oot este 13.5 | 23,270 6.3 8.3 | 256.00 51.10 2, 164 Bi 
December 1940 
Alerhien ys bh eo! 17 31, 200 6.7 1.8 477. 00 53.00 1, 248 
Monongahela____....---- 5 21,800 6.3 4.0 257. 00 45. 80 
Mf hy 7) 71 I ORR oe SC 2 SSO ALS £234. 4 734. 00 98. 80 1,379 
; 6. 26 
Emeworth.20 2 ee 2 523 6.0 51, 350 6.7 4.4 755. 00 92. 40 10, 680 a 
Dashisld. =... -- 1s: 13.5| 51,070 6.6 3.8] 705.00] 102.00 5, 362 . 


’ Quantity units=concentrationX discharge in thousand second-feet. 


The effects of phenol waste products upon the taste and odor 
problems of public water supplies are well known. Previous investi- 
gations have shown that tastes may be produced by phenols in excess 
of 1 part per billion and that waters containing more than 10 parts 
per billion are not suitable for public use. Also phenolic wastes, if 
highly concentrated, have a toxic effect upon the biological life in the 
stream and hence retard natural purification processes. A summary 
of all phenol determinations made on the main Ohio River is shown 
on table Oh-5B. Phenols in excess of 1 part per billion were observed 


90035—44—pt. 2——6 
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in samples below East Liverpool, Steubenville, and Wheeling in the 
colder months of November—December 1940 and January 1941, and 
at Point Pleasant and Gallipolis Dam in February, M , and April 
1940. Phenols of from 2 to 8 parts per billion were observed at dams 
14, 15, 22, and 23 in May 1940. The results seem to indicate inter- 
mittent discharge of phenolic wastes. There is also some indication 
that temperature plays an important part in the persistence of these 
wastes in the stream, more rapid disappearance being observed during 
the warmer months. 

Oxygen conditions in the Pittsburgh-Huntington stretch of the 
Ohio River at the time of sampling were generally good, the large 
majority of samples having oxygen demands of less than 3 parts per 
‘rillion and dissolved oxygen contents of more than 6.5 parts per 


“million. Coliform results on the other hand show a relatively high 


concentration, counts in excess of 200 per milliliter being recorded 
at times at all stations except the three just above Huntington. 

The heaviest pollution occurred below Pittsburgh, Wheeling, and 
Parkersburg. Evidence of natural purification was observed in the 
53-mile section between dams 14 and 17 and in the 70 miles between 
dams 23 and 27. Reductions in number of coliform bacteria and in 
oxygen demand were noted in these stretches during the periods of 
sampling. The percentage of total number of samples showing less 
than 50 coliforms per milliliter increased from 51 to 84 percent 
between dams 13 and 17 and from 81 to 96 percent between dams 
23 and 27. 

Seven major tributaries enter the Ohio between Pittsburgh and 
Huntington including the Allegheny and Monongahela Rivers which 
join to form the Ohio. In order, proceeding downstream, the other 
streams are the Beaver, Muskingum, Little Kanawha, Hocking, and 
Kanawha Rivers. Comparing the results at stations above and below 


‘these tributaries little, if any, effect was noted on the Ohio at the time 


of sampling, except as noted above at the junction of the Allegheny 
and the Monongahela. 

The findings of the laboratory survey of this section may be sum- 
marized briefly as follows: 

(1) Zones of pollution were observed in the Pittsburgh-Wheeling 
area and below Parkersburg. 

(2) Definite zones of recovery due to natural purification were ob- 
served between dams 14 and 17 and dams 23 and 27. 

(3) Acid conditions were found during low flows in the Ohio River 
as far downstream as dam 17. 

(4) Because of acid concentration, the measurable effect of sewage 
and organic industrial pollution below Pittsburgh and Wheeling was 
less than otherwise would be expected, although relatively high den- 
sities of coliform bacteria were observed at some points. 

(5) Relatively high concentrations of taste-producing phenols were 
observed at various points throughout the entire section, especially 
during the cooler months. Evidence of progressive diminution in 
these concentrations was noted during the warmer months. 

(6) With the exception of the Allegheny and Monongahela Rivers 


the sanitary quality of the water of the major tributary streams, at 


their mouths, was as good or better than that of the main stream and 
the inflow had little or no effect on the main stream during the time 
of the present investigation. The tributaries were more alkaline 
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than the Ohio River and tended to reduce the acidity or increase the 
alkalinity of the main stream. . 


(HUNTINGTON TO CINCINNATI 


This section of the river is characterized by a succession of small 
cities in the 50-mile stretch from Huntington to Portsmouth and a 
relatively sparsely settled valley in the 100 miles between Portsmouth 
and Cincinnati. Three major tributaries enter the Ohio in this 
stretch, the Guyandot, the Big Sandy, and the Scioto. Ashland, 
Ironton, and Portsmouth take their water supplies from the river in 
the upper portion of this section and Cincinnati, Covington, and New- 
ett from the extreme lower end. The major sanitary problem in the 

untington-Cincinnati area is one of high bacterial pollution affecting 
the quality of the raw water used for public supplies (see fig. Oh—7 
and table Oh-5A). At dam 29 (mile 320 below Pittsburgh) 21 
percent of the samples showed coliform counts in excess of 200 per 
milliliter and above Ironton (mile 326 below Pittsburgh) 26 percent 
of the samples were in this group during the sampling period of this 
survey. At dam 36 just above Cincinnati counts were over 200 per 
milliliter 6 percent of the time of sampling and were less than 50 
per milliliter 77 percent of this time. 

The dissolved-oxygen results were Sabdees good in this area with 
saturation values of 85 percent or higher at all sampling stations dur- 
ing most of the period of observation. The oxygen-demand averages 
were low, rarely exceeding 2.0 parts per million and usually being about 
1.0 part per million, except during high-water periods when some in- 
creases were noted. 

The most significant indication regarding the high degree of bacterial 
pollution in the Huntington-Portsmouth area is the evidence that the 
pollution is largely of local origin. High-water results with increased 
velocities and shorter times of flow indicate only a moderate increase 
in coliform organisms above Huntington which might be attributed to 
upstream pollution. There is a tendency for the coliform counts to 
level off during the high-water period in passing through this district, 
with the average maximum occurring at dam 32 (see fig. Oh-7 and 
table Oh-5). This figure also indicates the reduction in coliform 
bacteria between dams 31 and 36 during low-water periods. There 
appears to be little recovery between dams 32 and 36 during the 
high-water period. 

henol determinations made during the period from February to 
April are summarized on table Oh-5B. Phenols in excess of 1 part 
per billion were present at all stations at some time during the sampling 
period. Maximum concentrations in excess of 20 parts per billion 
were recorded at dams 27, 28, 30, and 31. 

All of the important tributary streams in this section of the Ohio 
had relatively high coliform counts during the June to October period. © 
The Guayandot and Big Sandy samples were undoubtedly influenced 
by sewage from Huntington and Catlettsburg. Inflow from the Scioto 
increased the alkalinity of the Ohio River markedly. Comparing the 
results of observations at stations immediately above and below tribu- 
tary streams, there do not appear to have been any marked changes 
in the sanitary quality of the Ohio River due to contributions of the 
tributaries during the period of sampling. 
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The observations in the Huntington-Cincinnati section of the river 
may be summarized briefly as follows: 

_ (1) The Huntington-Cincinnati section of the main Ohio River is 
characterized by a considerable amount’ of pollution of local origin 
originating in the area from Huntington to Portsmouth. 

(2) A zone of self-purification existed in the river from Portsmouth 
to dam 36 during low-flow periods, which was not apparent during 
periods of high discharge. 

(3) Phenols were present in the area from dam 27 to dam 32 during 
the colder months of the year. | 

(4) Tributaries entering this section were observed to have high 
coliform counts during the warmer months with lower concentrations 
in the cooler months of higher stream flow. The inflow of tributaries 
did not appear to cause any marked changes in the sanitary quality 

of the main stream. 


CINCINNATI TO LOUISVILLE 


This 118-mile section of the river receives a large amount of pollu- 
tion at its upper end from the Cincinnati metropolitan area, and addi- 
tional pollution from several minor sources between Cincinnati and 
Madison. In the 40-mile stretch between Madison and Louisville the 
river receives little or no pollution. 

Four major tributaries enter the Ohio River in this section, the 
Little Miami, Licking, Miami, and Kentucky Rivers. The Little 
Miami and Licking Rivers, receiving sewage from the Cincinnati area 
in their lower reaches, and the Miami River from upstream pollution, 
contributed appreciable pollution loads to the Ohio River. The Ken- 
tucky River pppeares to be a relatively clean stream. The higher 
alkalinities of the Miami and Kentucky Rivers tended to increase 
somewhat the alkalinity of the main stream below their confluences. 

More extensive laboratory observations were made in the section 
from Cincinnati to dam 39, particularly in the Cincinnati pool, than 
in the lower end of this river section where observations were confined 
to three series of observations by mobile laboratory units in July- 
August and October 1940, and January-February 1941. For this 
reason the laboratory findings on these two parts of the river section 
are discussed separately. 

The effects of pollution from the Cincinnati area on the upper por- 
tion of this section of the river are indicated as follows: 

(1) Increases in maximum averages of coliform organisms ranging 
from about 2,000 to 60,000 per milliliter at times of low flows and from 
100 to 400 per milliliter at times of high water. 

(2) Decreases in dissolved oxygen below the city to minimum 
monthly average values of 3.8 to 5.4 parts per million with individual 
samples approaching total depletion in September 1939. During the 
months of low water temperatures and in the summer months when 
river flows were high and open channel conditions existed, dissolved 
oxygen results in the Cincinnati area were satisfactory. 

(3) Oxygen demand averages usually less than 3 parts per million 
with some individual results above 6 parts per million. A shore line 
survey by the city of Cincinnati close to the many sewer outlets 
showed very high oxygen demand values in the immediate vicinity of 
these sources of pollution. 
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(4) Increases in dissolved oxygen to approximately 85 percent 
saturation and decreases in oxygen demand to between 2 and 3 parts 
per million occurred below dam 37 with natural purification much 
more marked in the summer low-flow period than during high water— 
low temperature conditions. During high flows coliform organisms 
reached their maximum at dam 38, moving upstream to Riverside 
below Mili Creek with higher water temperatures and lower flows. 
The following tabulation indicates the effect of stream flow and water 
temperatures on the location of the maximum concentration of coli- 
form organisms below Cincinnati: 


Percent of time maximum average coliform counts 
appeared at— 


Number of months observed |"Ttusend geondtest | 

Riverside Dam 37 Dam 38 Dam 39 

(475) (483) (503) (532) 

<i Es OR TAGES AGM SOB PRT BOS LSS Ew nl ae ee 
‘iy Se eos ne eS EM Se WGsETe. oes eee TOO O28 oo A ee cee ose ees 
Sea ee Bin Py eyes tae PROSE Gat ts 83.0 PL i-be Obes. Sats ee aes 
Leta AR aaa Saha ia Sale ase BT tO gbilee ee eee 66.7 ee aa a LASS 3's 
Geese Tie MOY SER Over'75 1.40. Oe: Tera. foes at 67.3 16.7 

Percent of time maximum average coliforms 

Average temperature appeared at— 
range ° C. 

Riverside | Dam 37 Dam 38 Dam 39 
meni. rte aire Under 15° C____-.---- 25.0 12.5 50.0 12.5 
| CESS REI SME he 15° C., and over.-....- 66. 7 B88. bot. ee eres 


Sa SG SO cer a ARE AL CM fear eS Ps) PAM Nd Seth ree eae 
hac, a stage ceases and open-channel conditions obtain at flows over approximately 60,000 cubic feet per 


._ In the section below dam 39 an increase in coliform concentration is 
Indicated immediately below Madison, especially marked during the 
July and August study but less marked in October and January. 
Dissolved oxygen saturation increased from dam 39 to Louisville in 
July with a slight depression at Madison and fairly high dissolved 
oxygen saturations were observed in October and January. Oxygen 
emand results varied from about 2 to 3.5 parts per million, being in 
excess of 3 parts per million more frequently in the cooler months. 
early 60 percent of the samples at the Louisville waterworks intake 
ad coliform counts in excess of 50 per milliliter. 


~*~ 


LOUISVILLE TO MOUTH 


_The heaviest zones of pollution in the lower river were found imme- 
diately below Louisville and in the Evansville-Henderson district 
With smaller sources of pollution at Owensboro, Paducah, and Cairo. 

ive major tributaries enter the Ohio River in this section, the Salt, 

reen, Wabash, Cumberland, and Tennessee. 

At the time of sampling, oxygen conditions throughout the section 
Were good, even below the larger communities. Some depression in 
dissolved oxygen was noted in August and October 1940 below 

Ouisville with recovery at dam 43, about 25 miles downstream. 

s depression was not noted in February 1941 despite a sharp in- 
crease in oxygen demand below Louisville which was probably due to 
the rapid rise in the river at this time (fig. Oh-7, Oh-15 and table 
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Oh-5). The dissolved oxygen remained near or above saturation 
throughout the remainder of the section. 

Oxygen demands were, for the most part, below 3 parts per million, 
even below Louisville, except during the period of observation in 
January, February, and March 1941 when disturbed flow conditions 
apparently brought about erratic results with averages approaching 
5 parts per million. The coliform results reached their highest 
averages in the 10-mile stretch below Louisville in October1940. 
Sharp increases also appeared below Owensboro in October, below 
Evansville in August and October, and below Cairo in all three 
observational periods. Figure Oh-7 and table Oh-5 show the 
relatively cleaner waters existing in the lower reaches of the river. 
All tributaries entering the section are in good sanitary condition at 
their mouths. 

Marked evidence of self-purification is indicated in the long, 
relatively unpolluted stretch between Louisville and Evansville, as 
measured both by oxygen demand and by coliform reductions. In 
the extreme lower portion of the river little evidence was observed 
of the heavy pollution loads placed upon the stream between Pitts- 
burgh and points within 200 miles of the mouth of the Ohio, thus 
showing the ability of the stream to cleanse itself by natural means 
of the successive loads of untreated wastes discharged to it. Except 
for the two areas below Louisville and Evansville, this section of the 
Ohio River was found to be relatively clean at the time of sampling. 

Biological summary.—The results of the bilogical survey of the 
Ohio River indicated— 

(1) The plankton population of the Ohio River was character- 
istically different from that of the tributaries. The Ohio supports 
large numbers of diatoms of genera not prominent in the tributaries. 
Modifying these conditions was the acidity of the upper river which 
resulted in closteriopsis, a form dominating the acid waters of the 
Monongahela River, which extended its range downstream in the 
acid waters to Marietta, Ohio. 

(2) The plankton population of the main Ohio River was generally 
lower than that of the tributaries with the exception of the Green 
and Cumberland Rivers. Acid conditions in the upper river re- 
duced the volume of plankton considerably as far downstream as 
Marietta during the period of observation. A tendency toward a 
gradual] increase in plankton was observed downstream from Mari- 
etta, with a slight peak below Cincinnati and indications of a peak 
below Louisville due to the increase in fertility below these cities. 


Hyprometric Data 


Although continuous, long-term records of gage heights are avail- 
able at many points along the Ohio River, reliable flow records are 
lacking. This is especially true of low flow data which are of par- 
ticular interest in this survey. At Pittsburgh since 1923, at Hunting- 
ton since 1934, and at Louisville since 1928 low flow records are 
fairly accurate. Prior to those dates the records are less trustworthy. 
Flows during 1930 were by far the lowest of dependable record at 
Pittsburgh and Louisville and 1939 was the second driest year, 
based on minimum monthly average flows. Table Oh—6 shows the 
flow at three stations during the driest summer months of record. 
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TaBLE On-6.—Main Ohio River: Monthly mean summer flows for years in which 
low summer flows have occurred 


Location | Pittsburgh,} Hunting- | Louisvi 
Pa. '|ton, W. Va. ‘Ky. ime 
River miles above mouth of Ohio..............--------------- eas 981 674 oe 
Drainage area, square miles........--.--------------0---=---="--""-- 19, 100 55, 200 Siang 
Period OP OCOR Gata EY ee ae eed eee 1923-40 1934-40 1928-40 
Year: | 1930 | 1939 | 1930 
AES OE TN ST eS ED UR Te, ROME So Ata 
ato. io kl Sea Eee cubic feet per second _- 10, 000 39, 800 25, 
PUNY. io) ct a eee oe he ei ei ed gs 3, 300 39, 600 3 ann 
Apusb. os 288) Soke st LEE oe ee ee eee do 1, 300 20, 400 4, 900 
September’. 3. 04205054 hceos) ceo cech--eeeap eee do... 1, 400 7,840 6, 000 
a SnnInnSEnnEnnE NE nNnnreererre 
Year: | 1939 | 1936 | 1939 
POM dicot hig din ces duke esaungun dee cubic feet per second -. 15, 500 15, 100 68, 
JULY ann -nnnennennnnnnnnnncennennne teen nen do...-| 13,400 16,300 0 
ugust ww rw nn 0.6 y iy 600 33 180 
RBTIbOMINAR esate ek hae oe COR, on paeen aoe do 3, 040 11, 500 90 
Year: | 1929 1934 | 1932 
UNG e soon rN ae a ee ee cubic feet per second. 14,0007 soe cack ue 33, 500 
hk SASS Tae Aas Pere hie as eae ey Oe do... 23,000 S155 ide 99, 800 
Dirt 2) 1 seeker pe ent ym es evs) CMAN UC Hp ware? SN aA ee ene do... 4, 000 34, 900 27, 200 
BepteMmbed 2 2 Sane et pee ce seen seine Saw cigas= 4, 000 12, 700 3, 650 


A study of gage heights, precipitation records and tributary stream 
flow indicates that the 1930 flows were probably the lowest experienced 
in the Ohio River since about 1860. i 

Low-flow regulation.—Reservoir sites on tributaries of the Ohio 
River have been studied by the United States Engineer Department 
in connection with the authorized program for flood control in the 
Ohio Basin. The possible use of these reservoirs for low-flow regula- 
tion has been considered and is discussed in reports on the various 
tributaries. The reservoirs on the Allegheny and Monongahela 
Rivers and their tributaries above Pittsburgh would be of particular 
value to pollution abatement if operated for low-flow control. These 
reservoirs could aid in control of acid pollution as pointed out in the 
section of the report on acid mine drainage. 


Discussion 


From the data presented it is apparent that the most important 
effect of pollution reaching the Ohio River is the unduly heavy 
bacterial loadings placed on many of the 30 water purification plants 
along the stream. Effects of somewhat lesser importance are the 
taste and odor difficulties at the water plants, the general loss of 
recreational values, the occasional destruction of fish life and the 
nuisance conditions due to occasional oxygen depletion below the 
largest cities, and to scum, floating solids, and discoloration of the 
stream at these and many smaller places. 

Comparison of results of various surveys.—No previous surveys of 
Ohio River tributaries comparable to the present one have been made. 
No laboratory data therefore are available from which to determine 
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pollution trends for any considerable portion of the watershed outside 
the main Ohio River. 

Investigations of limited portions of the main river were made in 
1914-15, and in 1929-80 prior to the present study. Previous surveys 
covered longer periods of time but the main river sections studied 
were relatively short and represented only a small percentage of the 
981 miles of river. The present survey has been more extensive in — 
its scope, covering the entire watershed, but the analytical data 
collected at any one particular station have of necessity been limited. 

Lack of comparable data is therefore the greatest factor in pre- 
venting studies of past and present conditions along the river. Of 
considerable importance also is the difference in laboratory technique 
between the first and last survey, which to a considerable extent 
prevents comparisons between the oxygen demand results, indicative 
of the organic pollution load on the stream. Complicating the labor- 
atory procedures, both chemical and bacteriological, for examinations 
of water in the upper Ohio, are the presence and variation in concen- 
‘tration of acid. In many instances comparable sampling points are 
lacking. 

During the summer periods of pool stage with the navigation dams 
in operation, measurements of stream discharge are less accurate and 
the pools, acting as sedimentation basins, remove by deposition 
varying amounts of suspended matter, depending on the amount of 
flow through and the distribution of velocities in the pools. Many 
of these dams have been constructed since the earlier surveys and 
some in existence in 1914-15 have since been replaced, further com- 
plicating the comparison of the results of the various surveys. 

The most striking change in the river since the original survey, 
and one about which there can be no doubt, has been the increase in 
acid concentration in the upper Ohio River. Acid mine drainage, 
and to a lesser degree spent acid liquors from manufacturing processes, 
now affect the river as far down stream as the mouth of the Kanawha 
River ‘(mile 266)?. On numerous occasions the water supply of 
Pomeroy, Ohio (mile 248)?) has been affected by acid in the river 
water. Water plants in the acid zone have experienced definite 
increases, not only in acid concentration but in the duration of the 
acid periods. During the 1914 survey, acid conditions were occasion- 
ally observed as far downstream as Wheeling, W. Va. (mile 90)’. 
If the increasing acid trend-continues without abatement, it is be- 
lieved the main river as far downstream as the Scioto River (mile 
356)? may become acid occasionally. 

The records of raw water coliform examinations at some of the 
Ohio River water plants constitute the only continuous long-time 
records of the quality of Ohio River water. Changes in location of 
intakes and in laboratory methods make comparisons at some of the 
plants impossible. 

Monthly average raw water coliform results at the Cincinnati 
water plant from 1926 to 1941 are shown in figure Oh-19. These 
data are expressed in terms of the Phelps Index rather than as Most 
Probable Numbers (M. P. N.), since the early results were available 
only in this form. These data show that during every year since 
1935 the annual average coliform counts have exceeded the safe 
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average for treatment by ordinary filtration and chlorination. Addi- 
tional treatment and careful operation have made possible the pro- 
duction of drinking water of satisfactory bacterial quality, but the 
water is often unpalatable. A number of other water supplies from 
the river are much more heavily polluted. : 

During the 25 years since the first survey of the pollution of the 
Ohio River the population of the basin, as a whole, has increased by 
about 22 percent and the population adjacent to the Ohio River by 
about 24 percent. A larger proportion of the population is served 
by sewers now than was in 1915, but progress in sewage treatment 
has been marked. Because the recently completed survey of sewered 
communities was more complete than that of the earlier survey, the 
figures shown below are not strictly comparable, but they probably 
represent the changes that have occurred within about 5 percent. 


f 5 1914-15 Present Percent 
Population survey survey increase 
SST 2 Bee te i es eS ROMP TTS Oe ha ee 
Entire Ohio Basin: 
DO TESS. ee RNR Se eagle lige tel rr g elie 2 2 15,381,000 | 18, 824, 000 22 
Uspane ee etemet ris ff UA ody: Gail; poh Oks eee ae 5, 694, 600 8, 222, 300 44 
RED NCMMRVISSUOIA Soe Sn OR, iN ly Sw on ea ie 4, 106, 600 8, 561, 200 108 
LOCeatnOnU PRINT Le: oo ea Ee | epee 2. eke os 483, 2, 913, 000 502 
pe Da ce Coe Bh eatege Ath eye Mt mre Soe taney Gee wee 3, 622, 700 5, 618, 200 55 
Ohio River and minor tributaries: 
RDUbeL Sct earve nna wis tery ON AE ee 3, 308, 900 4, 091, 100 24 
Webel s eeMe ee Peale, Cope Ween keh 2, 062, 900 2, 709, 100 31 
DELVOd' Dy sewein sci- jt ey Sti. ern oe nearer ese st Nee 1, 680, 1 2, 822, 200 68 
LO Treatise: rll vuist wile (ere seicere ds 27, 700 1 133, 000 380 
MUR OS Se SenNn tan Woda ekg ey ue PAL cles 1, 652, 800 1 2, 689, 200 63 


ve These figures cover an area com arable with that of the 1914-15 survey which differs slightly. from 
similarly named areas considered in this report. 


From these data it can be seen that the amount of waste material 
of human origin reaching the Ohio River and its tributaries has in- 
creased by 20 to 60 percent during the past 25 years. No comparable 
figures for changes in the industrial waste load are available. 

The factor that has probably been most influential in focusing at- 
tention on the pollution problem of the Ohio River Basin is the periodic 
taste In municipal water supplies. This is caused in part by certain 
microscopic organisms whose presence cannot be definitely attributed 
to pollution but which thrive best in water recovering from pollution 
and in part by chemical compounds discharged by such industries as 
byproduct coke plants, some chemical manufacturing plants, oil 
refineries, and wood-preserving plants. Although these industries 
existed in 1914, all of them have grown rapidly during the past 25 
years and, in spite of recovery and treatment measures aimed at 
reducing or eliminating the discharge of taste-producing wastes 
conditions in general are probably worse today than in 1914. No 
analytical data are available to substantiate this, however. The 
increasing public consciousness of tastes and the increasing public 
demand for more palatable water add to the seriousness of the prob- 
lem. Improvement in water treatment processes has done much to- 
ward overcoming tastes, but practical considerations demand that 
further improvements be made at the sources of the trouble. 

The increase in acidity and in taste troubles in public water supplies 
have been the most perceptible changes in the quality of the Ohio 
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River during the past 25 years. Increased sewage and organic in-_ 
dustrial waste pollution has been less noticeable, due largely to the 
fact that the flow in the Ohio is sufficient to prevent er offensive | 
conditions during a large part of the time. . | 

Ohio River Valley Water Sanitation Compact.—One of the major 
factors hindering the progress of pollution abatement along the Ohio 
River is the lack of any governmental agency with adequate statutory | 
power to carry on an effective program with respect to the stream. 
This is due largely to its interstate character. Except for its upper 
40 miles, which are in Pennsylvania, the river forms State boundaries. 
West Virginia and Kentucky, a part of the original Thirteen States, 
claimed ownership of the river and as a result the State boundary is at 
the low water line on the right bank of the river. Thus Ohio, Indiana, 
and Illinois have no jurisdiction over the stream. 

Efforts at joint action by the agencies of the various States engaged 
in pollution abatement work in the Ohio Basin date from 1924 me a 
conference of State health commissioners was held to consider methods 
of eliminating or satisfactorily treating phenolic wastes which were 
causing tastes and odors in public water supplies. In that same year 
a cooperative agreement was entered into by the varous State health 
departments and through their concerted effort considerable progress 
was made in controlling phenolic waste. The agreement had no legal 
status and no progress was made in controlling sewage pollution or 
that resulting from other types of industrial wastes. 

In 1936 the Congress authorized * the negotiation of an interstate 
compact between the States of the Ohio River Basin. The compact 
was drafted, approved by the Congress,‘ and ratified by the State legis- 
latures of Illinois, Indiana, Kentucky, New York, Ohio (whose rati- 
fication becomes effective when New York, Pennsylvania, and West 
Virginia enter into the compact) and West Virginia (whose ratification 
becomes effective when New York, Ohio, Pennsylvania, and Virginia 
enter into the compact). It becomes effective upon ratification by five 
States and consequently requires either ratification by Pennsylvania 
or removal of the qualifications placed on their ratifications by Ohio 
and West Virginia. 

The principal provisions of the compact > are— 

Article 1: Each signatory State pledges cooperation in controlling 
and abating pollution and agrees to enact any necessary legislation. 

Article 2: Creates “Ohio River Valley Water Sanitation District” 
comprising all of the Ohio River Basin within the signatory States. 

Article 3: Creates “Ohio River Valley Water Sanitation Com- — 
mission.” 

Article 4: Commission to consist of three members from each State 
and three representing the Federal Government. 

_ Article 5: Commission to elect officers, may hire and discharge 
employees, establish offices, etc. Shall report annually to various 
State Governors on activities. 

Article 6: 

It is recognized by the signatory States that no single standard for the treat- — 


ment of sewage or industrial wastes is applicable in all parts of the District due to 
such variable factors as size, flow, location, character, self-purification, and usage 


3 Public Res. No. 104, 74th Cong., approved June 8, 1936. 
4 Public, No. 739, 76th Cong., approved July 11, 1940 


6 Signed by compact commissioners for Illinois, Indiana, Kentucky, New York, Ohio, Pennsylvania, 
Tennessee, and West Virginia. 
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of waters within the District. The guiding principle of this compact shall be that 

pollution by sewage or industrial wastes originating within a signatory State shall 

che no ipa affect the various uses of the interstate waters as hereinbefore 
efined. 

All sewage from municipalities or other political subdivisions, public or private 
nstitutions, or corporations, discharged or permitted to flow into these portions 
of the Ohio River and its tributary waters which form boundaries between, or are 
contiguous to, two or more signatory States, or which flow from one signatory 
State into another signatory State, shall be so treated, within a time reasonable 
for the construction of the necessary works, as to provide for substantially com- 
plete removal of settleable solids, and the removal of not less than 45 percent of 
the total suspended solids: Provided, That in order to protect the public health 
or to preserve the waters for other légitimate purposes, including those specified 
in article 1, in specific instances such higher degree of treatment shall be used 
as may be determined to be necessary by the Commission after investigation, due 
notice, and hearing. 

All industrial wastes discharged or permitted to flow into the aforesaid waters 
shall be modified or treated, within a time reasonable for the construction of the 
necessary works, in order to protect the public health or to preserve the waters 
for other legitimate purposes, including those specified in article 1, to such degree 
as may be determined to be necessary by the Commission after investigation, due 
notice, and hearing. 

Au sewage or industrial wastes discharged or permitted to flow into tributaries 
of the aforesaid waters situated wholly within one State shall be treated to that 
extent, if any, which may be necessary to maintain such waters in a sanitary and 
satisfactory condition at least equal to the condition of the waters of the inter- 
state stream immediately above the confluence. 

The Commission is hereby authorized to adopt, prescribe, and promulgate rules, 
dbo and standards for administering and enforcing the provisions of this 
article. 


Article 7: Compact does not limit power of States to require higher 
degrees of treatment. 
Article 8: Commission shall conduct a survey of the district and 
make a comprehensive report; shall draft and recommend legislation 
to State Governors; shall consult with States, municipalities, indus- 
tries, etc., on pollution problems. 
Article 9: 


The Commission may from time to time, after investigation and after a hearing, 


issue an order or orders upon any municipality, corporation, person, or other 


entity discharging sewage or industrial waste into the Ohio River or any other 
river, stream, or water, any. part of which constitutes any part of the boundary 
line between any two or more of the signatory States, or into any stream any part 
of which flows from any portion of one signatory State through any portion of 
another signatory State. Any such order or orders may prescribe the date on or 
before which such discharge shall be wholly or partially discontinued, modified 
or treated, or otherwise disposed of. The Commission shall give reasonable notice 
of the time and place of the hearing to the municipality, corporation, or other 
entity against which such order is proposed. No such order shall go into effect 
unless and until it receives the assent of at least a majority of the commissioners 
from each of not less than a majority of the signatory States; and no such order 
upon a municipality, corporation, person, or entity in any State shall go into 
effect unless and until it receives the assent of not less than a majority of the 
commissioners from such State. . 

It shall be the duty of the municipality, corporation, person, or other entity to 
comply with any such order issued against it or him by the commission, and any 
court of general jurisdiction or any United States district court in any of the 
signatory States shall have the jurisdiction, by mandamus, injunction, specific 
performance, or other form of remedy, to enforce any such order against any 
municipality, corporation, or other entity domiciled or located within such State 
or whose discharge of the waste takes place within or adjoining such State, or 
against any employee, department, or subdivision of such municipality, corpora- 
tion, person, or other entity: Provided, however, Such court may review the order 
and affirm, reverse, or modify the same upon any of the grounds customarily 
applicable in proceedings for court review of administrative decisions, The 


- 
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Commission or, at its request, the Attorney General or other law-enforcing official, 
i have power to institute in such court any action for the enforcement of such 
order. 

Article 10: States agree to appropriate their proportion of Commis- 
sion budget prorated one-half in proportion to population and one-half 
in proportion to land area within the district. 

Article 11: Compact to become effective when ratified by legis- 
latures of majority of States and approved by Congress. 

Desirable degree of treatment.—General application of the compact 
minimum requirement of substantially complete removal of all settle- 
able solids and removal of at least 45 percent of the suspended solids 
from all sewage and industrial wastes discharged directly to the Ohio 
River should be ample to prevent serious oxygen depletion at any 
place on the Ohio River except Cincinnati under present conditions of 
waste loads and stream flow. Even in the Cincinnati area conditions 
would be satisfactory except during periods of extremely low flow. 
A marked reduction in the acidity of the Obio River at Pittsburgh 
would greatly increase the effects of organic pollution and necessitate 
a higher degree of treatment unless the stream flow during the warm 
weather months was increased appreciably. At these two places 
designs for the larger plants should include provisions for more than 
primary treatment, probably by the addition of coagulants. At all 
of the larger municipalities and at any of the smaller ones whose 
sewage would appreciably affect downstream water intakes, contin- 
uous chlorination of the treatment plant effluents should be provided 
for the reduction of bacterial pollution. At places where wastes are 
being discharged to tributary streams near their junction with the 
Ohio River, more complete treatment may be necessary to correct 
local conditions unless the outfalls are extended to the Ohio River. 

Low-flow control by means of flood control and multiple-purpose 
reservoirs in the area above Pittsburgh and Cincinnati might eliminate 
the need for more than primary treatment of sewage and equivalent 
treatment of organic industrial wastes at these places. The flow 
required at Pittsburgh to accomplish this (assuming an effective acid- 
control program) has been estimated at 8,000 cubic feet per second 
during the warm summer months (25° C. or 77° F. average monthly 
air temperature) and progressively lesser flows as temperatures de- 
crease. The savings in costs resulting from the use of primary 
treatment rather than the higher degree of treatment using chemical 
coaculants is estimated at $300,000 per year at Pittsburgh and an 
additional $300,000 per year at Cincinnati. 

Studies by the United States Engineer Department indicate that 
such flows could be maintained except during such an extremely dry 
year as 1930 by using existing reservoirs and additional ones above 
Pittsburgh authorized by the Congress for low-flow control in conjunc- 
tion with their major purpose of flood control. At Cincinnati, a 
considerably smaller increase in flow would insure satisfactory condi- 
tions with only primary treatment. Existing reservoirs, together 
with those above Pittsburgh, could provide this increased flow. 

The bulk of the organic industrial wastes should be treated at 
municipal plants. In general, removal of settleable solids as required 
by article 6 of the compact should assure adequate industrial waste 
treatment except at oil refineries, byproduct coke plants, and a few 
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other plants where particular attention should be given to those 
components likely to cause tastes and odors in public water supplies. 
At plants such as steel mills, acid wastes should be neutralized during 
periods when their contribution to the acid load on the stream is 
significant. However, as mine drainage contributes by far the greater 
acid load, acid mine control by sealing should be well advanced before 
even part-time neutralization of pickle liquor is justified. 

The larger cities along the Ohio River are aware of the necessity of 
sewage treatment and many of them have made stt dies to determine 
how they can most economically collect and treat their wastes. 
Consulting engineers have recently prepared preliminary plans and 
estimates for Cincinnati and Louisville. Pittsburgh, Evansville, 
Wheeling, and Huntington had previously studied their sewerage 
problems. 

Pittsburgh.—The problem of waste treatment in the Pittsburgh 
district is highly complicated and cannot be effectively solved by the 
city alone. Some kind of authority or sanitary district comprising 
the greater part of Allegheny County is almost essential to an econom- 
ical and thorough pollution abatement program in this area. The 
county contains 125 cities, boroughs, and townships, many of which 
necessarily use joint sewers. The intensive development of the narrow 
stream valleys limits the number of available sites for sewage treat- 
ment plants. The report of the General Committee on Sewage of the 
Municipalities of Allegheny County, prepared in 1939, outlines a plan 
for 19 treatment plants on the lower Allegheny and Monongahela 
Rivers, the Ohio River and two smaller streams, Turtle Creek and 
Chartiers Creek. Much more detailed investigation of alternate 
plans is necessary before any final decision can be made as to the best 
plan. The largest plant in any case will almost certainly be at a site 
on Brunots Island where most or all of the sewage from the city of 
Pittsburgh, as well as from a number of adjoining boroughs and town- 
ships, would be treated. Interceptor costs will be high since most 
construction will be in rock and a considerable part of it will be in 
tunnel. The estimated cost of interceptors and 19 primary treatment’ 
plants in the committee report is $35,900,000. _ These would serve 
most of Allegheny County. Costs as summarized in table Oh-1 
include only those plants on the Ohio River in the Pittsburgh area. 
The costs of other plants in the metropolitan area are included in 
summaries of costs in the Allegheny and Monongahela Basins. 

Cincinnati.—Comprehensive studies of the pollution problem of 
Cincinnati and its suburbs in Ohio have been made and preliminary 
plans and estimates have been prepared. Cincinnati has made 
more progress toward solution of its pollution problem than any other 
large Ohio River city. Plans call for the ultimate construction of 
4 plants which would treat the wastes of the city and 17 incorpo- 
rated suburbs as well as a large unincorporated area in Hamilton 
County. The first plant to be constructed would treat the wastes 
how entering the Little Miami near its mouth and the Ohio in the 
upper part of the city. These wastes may affect the water supplies 
of Cincinnati, Covington, and Newport which are taken from the 
Ohio within a mile upstream from the mouth of the Little Miami. 
Interceptors for this plant are almost complete. The proposed plant 
will have a capacity of about 25 million gallons per day and will 
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provide primary treatment and chlorination with provisions for later 
additions to increase its capacity and to provide more complete 
treatment. 

The largest plant of the four would be located in Mill Creek Valley 
a short distance from the Ohio River. Its capacity would be about 
108 million gallons per day. It would treat most of the sewage 
from Cincinnati and its suburbs and, in addition, large amounts of 
industrial wastes which make the combined wastes about twice as 
strong as normal municipal sewage. The plant as planned would 
provide primary treatment and chlorination with provisions for 
increases in capacity and in degree of treatment. 

The other two plants would be much smaller with a total capacity 
of about 5 million gallons per day. They would serve the lower 
end of the city and adjoining areas in the county. They would 
provide the same degree of treatment as the larger plants and their 
construction would be deferred until the larger plants were completed. 

The total capital cost of the entire program is estimated at about 
$19,000,000. 

Little progress has been made toward pollution abatement in the 
Kentucky communities across the river from Cincinnati. A number 
of the smaller communities which drain to small wet-weather streams 
have installed treatment plants, but the bulk of wastes still enters 
the Ohio and Licking Rivers untreated. Cooperative effort seems 
necessary to any economical program of waste treatment, but numerous 
attempts to form special districts for such work have failed. 

Lowisville—The recently completed consulting engineers’ report on 
sewage treatment for Louisville proposes a single primary treatment 
plant to serve the city and some of its suburbs. A large industrial 
waste load would be treated with the domestic sewage. The plant 
would have a capacity of about 73 million gallons per day. The 
estimated capital cost for interceptors and treatment is about 
$6,000,000. The report suggests operation only during low-flow 
periods. No provision is made for chlorination of the effluent. 
Because of the short sedimentation period provided (1 hour at 
average design flow) and part-time operation, such a plant would 
not meet the minimum requirements in article 6 of the compact, nor 
would it provide adequate protection to the New Albany, Ind., water 
supply. If provisions for chlorination were added and the plant 
operated continuously it should effectively reduce bacterial pollution 
below Louisville. | 

These three large metropolitan areas are the key ones in a program 
for abatement of pollution in the Ohio River. Although the need 
for sewage treatment is equally acute at many other communities 
along the upper Ohio, at Huntington, Ashland, and other places 
where bacterial pollution is affecting downstream public water supplies, 
it is proper for the larger places to take the lead. 

Cost.—The cost of a suggested program providing for primary 
treatment of all wastes entering the Ohio is summarized in table 
Oh-1. This suggested program is based on the assumption that 
low-flow control will make more complete treatment at Pittsburgh 
and Cincinnati unnecessary. An estimate of the comparative cost 
oie Sim for complete treatment of all wastes is included in 
table Oh-1. 
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Taste On-7A.—Main Ohio River: Laboratory data—acid stream results 


Sse per Tron, per 
million 


million 
Sie = pe ao eae ee 
Sampling point Month, 1940 ex pH Phenolphthalein 
les Methyl). 3s) | rer. 
e red rous | Total 
Hot | Cold 

Emsworth Dam, mile 6.....-..| September- - 1| 6.4 2 SATS Cay 0.4 

October. .--- 5.6 8-5 (2)-A sac ce Vb - shoes 9 

November -- 9-622 6 Ci Mes eee 1268)" ot es 3.0 

Dashield Dam, mile 13.5.__-_.--] September-- Is| 4.7 23 PR iat 4? .4 
October. -- - B16 3 (1) 11(1) 10 1. 2(4) 
November - - |S fae Reena A TOCA ae See 

Montgomery Dam, mile 31.7. -| September- - 2) 4.70) | 6 (1) | 18(1) | 18(1) 3 
October___-- 11 | 5.4(7) | 4.5(2) | 17(2) 9(7) 3. 2(4) 
November - - GhaOr OUNN Naso 0 eee oe fetiss 12(1) 1.0(4) 

Dam No. 7, mile 36.5..-------- September- - rier 190 My ai @ Dea ae F6} Ya ie @ We Pe 4 

October_.--- USD ACT): Bos C2) SIS) dtd Calica sae af 

November... Dili ia) occu yeep bon: at eae POCO) beta 5.0 

Dam No. 8, mile 46,4_...-....- October__-_- 12°} 6. ig} 4.2(8) | 18(2) | 11(6) | 0.6(1) | 1.5 

November - - Wolpe). becs eas Sales ae ee TOG) jou ck 3.0 

Dam No. 9, mile 56.1_./.....-- October-_---- 2) Bel 5.3(3) | 16(2) 1) a aor 13 
; November... 0 i keg 6:3 EN RES ot RS = LLY 74 at (OR Soe ae |S RE 
Dam No. 10, mile 66__..-.-.--- October----- 12 | 5.9(7) | 4.0(5) | 14(2) | 10(7) | .2() 7(6) 
; November. 10 14409(2)") 46 (2) {a=  e LG AR 9 iy Deewana | ot a Dea 
pata INO, 11, ‘mile'77--5.. 2s n3 October... -.- 12 | 5.0(9) | 6.3(6) 17(3) eR ll Saat eae 2. 2(6) 
November-. TOS Ba(2)* 8; OGL), fo Te ves LL WATE ese pda iain Bog 

Dam No. 12, mile 87.5_..._--_- October -.---- 12 | 5.0(9) | 3.4(7) 20(2) te 4(1) 3.0 
f November _. 10 | 5.3(2) | 3.0(1) (2 Bit Reterew Reseence 

Dam No. 13, mile 96__....-.-.- October_-_--- 5.0(9) | 4.3(7) 13(2) 12(9) 5(2) 2.0 
November. Od GB C2) oie Sere hee Shee OG) io 2 = 22 2. 8(2) 

Dam No. 14, mile 114_.......-.. August___.-- 4.6(9) | 7 (9) | 12(6) TAO) RSs og (2 

September - 5 | 4.6 4 ER AES I Oo tat 3 

Dam No. 15, mile 129__....__.- August: ._... 4.8(7) | 2 (4) 12(7) YS vi || seems. 4 

September. _ 5| 4.7 4 1 bial Reba, leg Raa TS: 4 

Dam No. 16, mile 146.5.__.---- August__..-- 5.0 3. (3) 10(6) Ati) p! Cees yf 

September. - 5}48 | 3 tf ? as ae. Pea vee es oe 

Dam No. 17, mile 167.5_-..---- August___.-- 11 | 5.5 y AP A Ry 1 Be is cere, oA et ¥2 

September. - 5 | 4.9(4) | 3 (8) | 10(4) Ct es Sa —o 


Nore.—Figures in parentheses indicate number acid samples used in computing averages as shown. 
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MINOR TRIBUTARY BASINS ! 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


Minor tributaries of the Ohio drain 23,780 square miles (about 
one-ninth of the entire Ohio Basin) in the 6 States bordering the 
main stream. Less than 10 percent of the 1,400,000 population in 
the area are in urban communities. Agriculture is the predominant 
occupation. Coal mining is important in the upper portion of the 
basin above Marietta, Ohio, and the Saline and Tradewater Basins 
in Illinois and Kentucky. 

Most of the larger communities have sewage-treatment . plants 
and there is little organic industrial waste. Acid mine drainage 
causes the most serious pollution. (See separate section of report on 
acid mine drainage.) 


CONCLUSIONS 


(1) Forty-four of the ninety-four public water supplies in the 
area drained by minor tributaries of the Ohio River are from surface 
sources. Nine of these, serving 24,600 people, are from streams sub- 
ject to pollution. ; 

(2) Sewage from 173,500 people and industrial wastes equivalent 
in oxygen demand to sewage from an additional 31,200 people are 
discharged to minor tributaries of the Ohio. About two-thirds of 
the sewage receives treatment. 

(3) Laboratory data indicate many instances of heavy local 
pollution, particularly on very small streams. At the time of sampling 
the streams generally were in good sanitary condition at their con- 
fluence with the Ohio River except where they were influenced by 
wastes from Ohio River communities. Many of the tributaries in 
the upper part of the basin, and several small streams in the Saline 
and Tradewater Basins, were found to be heavily polluted by acid 
mine drainage. 

(4) Abatement of pollution due to sewage and organic industrial 
wastes will require secondary treatment in most instances because 
the receiving streams are generally small and subject to extremely low 

ows. 

(5) Reduction in acidity in the minor tributaries can best be 
accomplished in connection with a program.of mine sealing covering 
the entire Ohio Basin. 

(6) One of the proposed tributary reservoirs authorized by the 
Congress and studied by the United States Engineer Department 

1 For maps of this area, see main Ohio River. 
2 See section of report on acid mine drainage. 
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for Ohio River flood control is on a minor tributary. Low-flow regula- 
tion by this reservoir would have no appreciable tangible value for 
pollution abatement. 

(7) The following cost estimates of measures for abatement of 


pollution due to sewage and industrial wastes are summarized from 
table M-1: 


Treatment Capital cost | Annual charges 
UUs UTg ee Bae te Cae ok far Se ed eS ae Ge eee lee Mata ss $3, 800, 000 $330, 000 
Suggested additional... -- 22.020 2222255. cil esies Sc esheets 2, 590, 000 285, 000 


Estimated additional costs over existing charges of programs involving 
uniform treatment throughout the basin area: 


Treatment Capital cost | Annual charges 
Vege wet pager LE I a i Se ele aR anes eee bs, fa A a $2, 220, 000 $250, 000 
RROGHERE NT ACOH: fos) 0st ante nou tk sedsutspadakacuwbotcuasee eee 3,010, 000 335, 000 


Taste M-1.—Minor tributary basins: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of 


plants ay Annual charges 
_.| Popula- F 
tion con- — 
Sec- |, Bected mént Amorti- | Opera- 
Pri- nd. | t sewers zation | tion and | motel 
mary | ® and in- | mainte- ” 
ary terest nance 
Existing sewage treatment... -___- 12 30 | 110, 300 | $3, 800,000 | $225,000 | $105,000 | $330, 000 
Suggested minimum correction: 
Sewage treatment plants___-- 17 23 96,400 | 1,420,000 | 100, 000 70, 000 170, 000 
TuodMirodHntereeptores. 92 0 =|2) 2c. Biap a beseos tec aeemn ed 890, 000 40) 000° Prods. s3 cue 40, 000 
Independent industrial waste 
Cormectietiss 024) .. Rei} RUALA| . oA eee 280, 000 35, 000 40, 000 75, 000 
Li 12 hae aye gen hI a rede) aaa fe apa a Bll aN a 2, 590,000 | 175,000 | 110,000 285, 000 
Comparative cost ; 
rimary treatment all waste__|..-..---|--------|- ear. 2, 220,000 | 160, 000 90, 000 250, 000 
Secondary treatment all : 
WARLGE hp in UA ee a: eek bee oO Spe eee ues ¢.| 3,010,000 | 210,000 | 125,000 335, 000 
BM cl] 23 Sef 3,0 ban pad ape ey ere (aoe emia td aOR «8 2, 590,000 | 175,000 | 110,000 235, 000 
DESCRIPTION 


Small tributaries of the Ohio River not considered in separate sec- 
tions of this report drain a total of about 23,780 square miles (slightly 
less than 12 percent of the entire basin) in the six States which border 
the Ohio River. The area drained in each State and the drainage 
areas of some of the larger streams are shown below: 


Area Area 
State (square State (square 
miles) miles) 
METONS date eos. ocd rok ea waco 2.880.|| Ohio sey siechit waxes base tas ares Se or 


6, 450 
JRGCCh ES 1 PS iy _ = SS SSR Nee a a aio 3,480) 11 Penneyivaniak ss. cele ad 1, 290 
VESTA 1 F109 a RNS SY ge RS Sy ee 6, 675 || West Virginia._..-------- Ba Ee Fae 3, 005 
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- Miles above |° Drainage 
Tributary Right or left bank mouth of -|area (square 
Ohio River miles) 


Cache iiiiger!) (02 Oss IT hes oe eee oo 1:¢ “7 eee RR ERS SBE 6.3 720 
MCHOBWALEE HAVENS occ. 6t ow keee eae ye ane deuset cu NS (REE eS SEES Se 107. 6 995 
AEG LEVEN snc oy Ae or. Sa og ns we te eae NSA T72 1 ee ERE ie 9 Be De A IS 113.7 1, 235 
Bine Rivers. tr, AS lhe Bee ee eee Gh MOLGE. atete se 318.1 466 
IND CPO a ret Poaceae tog toe eae EE Se Gomes ta 3s 593.0 435 
Hittlo Shad y-niport cree eee ae ee eee ee Det ya ees 644.6 780 
ibebvanolexoreek.. So). 220 aee el oe ko ee od GOS s2sa ene ees 667.7 441 
De HaPeOaL nates 205 45 bs er nae Baek ee occa eS coh 2) eid 2 ae 704.9 684 
Wen ep Sinan neelcd 2.2. (Soca ceca. wasn hasnt cee REUO bina nein wooo 827.0 685 
TING ERCROR ALOE tLe 5 oo ceded co oekaeteseee Wight & 25 toc 941.5 510 


Most of the area drained by the minor tributaries of the Ohio is 
hilly. Portions of the area in Illinois and Indiana are less rugged 
and better suited to agriculture than the land farther east. 

The following tabulation of population of some of the larger com- 
munities and of the entire area, shows the relatively sparse population 
and the lack of urbanization. There are only 16 urban communities 
in the 23,780 square miles and most. of these are in the upper part of 
the basin. The larger communities are in coal-producing sections. 


Population 
1910 1920 1930 1940 
Larger cities: 
WHASHMIBOON PP Aet se od ooo oe oe dencbaqktelwke 18, 778 21, 480 24, 545 26, 166 
Cannnshurgee a <cfset eee ece 3, 891 10, 682 12, 558 12, 599 
Balers Ghing Stl Pte rey? here afte 8, 943 10, 305 10, 622 12, 301 
TRE IS MIP chose ae Oc es epi ae 5, 309 7, 125 11, 625 11, 453 
iW eliston Opi = fete Sa heh SEIS ES eG 6, 875 6, 687 5, 319 5, 537 
HastaPalesting Obie ss 25 6 bday ete oe 3, 537 5, 750 5, 215 5, 123 
RrtiGnVvileAenG << ee ae ee 4, 233 4, 863 4, 602 5, 002 
Entire basin: 
Ween 1 oot Le hee a ie ei tee Ae 79, 125 109, 613 116, 468 130, 344 
eT eae SURES OF CIT PGE FI A Re ESE 1, 148, 878 | 1,123,996 | 1, 144,622 1, 254, 858 
Wig tabetet. Sieg 60) toe * erey Pee ee ie ede 1, 228,003 | 1,283,609 | 1, 261, 090 1, 385, 202 


Agriculture is the predominant occupation in the area as a whole 
but there are also important coal-mining areas in Pennsylvania, the 
panhandle of West Virginia and adjacent parts of Ohio in the upper 
portion of the basin and in the Saline and Tradewater River Basins 
in the lower portion of the basin. 

Water uses.—None of the minor tributaries have been developed for 
navigation. There are no hydroelectric developments. Many of 
the streams, particularly the less polluted ones which are readily 
accessible to residents of the larger Ohio River cities, are used ex- 
tensively for recreation. 


PRESENTATION OF Fretp Data 


Figures Oh-1, Oh-2, and Oh-3 show the location and magnitude of 
the more important sources of pollution along minor tributaries in 
the upper, middle, and lower thirds of the Ohio River, respectively. 

Public water supplies —Ninety-four communities and sizable insti- 
tutions on minor tributaries of the Ohio have water supply systems 
which serve about 213,700 people. Forty-four of the supplies are 


\ 
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from surface sources of which 9 are from streams subject to sewage 
pollution above the water intake. The remaining 35 supplies are 
from streams draining unsewered areas. Table M-2 shows data on 
the 9 surface water supplies which are most subject to pollution. 


TaBLeE M-2.—Minor tributary basins: Surface water supplies 


Mileage Consump- ~ 
Treat- Popu- tion, 

State Source a ajo a 

served | of gallons 

Supply ' (1) () @) per day 

Supplies below community sewer outfalls 
AIG La epee pe Kentucky____-_- Tradewater River__....._---- 7) 108} LD 3, 100 0. 06 
Providence..-.--|----- WU ote sc brcieaote os eae ie gre lng aR Ree Bh 41 | 108 | FD 4, 300 | -25 
Harrisburg____-- Pilingis-22+e<52- Middle Fork Saline River....| 35 | 114 | FD 8, 000 53 
Versailles______- Indiane =. ...- Laughery Creek___._.__..-..- 34 | 482 | FD 500 .02 
OBrood! iS. sale G0-= 230288 Laughery Creek, wells. _-_--- 37 | 482 | FD 1,000 . 08 
Georgetown_-_.- Onigi 2A) a Whiteoak Creek. :......----- 8 | 557; LD 1, 500 . 04 
Wrebston-. = 222 ue. (1 Ci) ae ite Nh Little on Creek, im- | 55] 705} FD 4, 700 .30 
ounded. 

Middlebourne_-_| West Virginia__- iddle Island Creek__------- 37 | 827 | FD 600 . 04 
Bethany-:.....-|.-.-- QOL2=433052. Buffalo Creek._......-.------ 13 | 906 | FD 900 .07 
SD Gied)  PelO Ws Hew OF OULU oto os eee a te ee eee ee “24, 600 1.39 
BE DULLOrSEEIACe BUDDNOS )42ko 23 ka ORE 8 1, eae ce Ue ie oe 108, 000 8.06 
ADOseI Sut ce water supniiogs (neue 2 A SearUr) eee CSR ieee eee seen e ee ee 132, 600 9. 45 


1 Miles above confluence of minor tributary with Ohio River. 
2 Miles from mouth of Ohio River to mouth of minor tributary. | 
3 F=coagulated, settled, filtered; L=lime-soda softened; D=chlorinated. 


Sewerage— Table M-3 shows the sewered population and the total 
waste load at the Jarger sources of pollution on minor tributaries of the © 
Ohio River. Sewage from 167,800 people enters the streams, about 
two-thirds of which is treated in 12 primary and 30 secondary treat- 
ment plants. Most of the larger sources of pollution are in the upper 
part of the area. Minor tributaries entering the Ohio above Hunting- 
ton drain about one-third of the area but they receive about two- 
thirds of all the sewage. 


Taste M-3.—Minor tributary basins: Sources of pollution including industrial 
wastes expressed as sewered population equivalent (biochemical oxygen demand) 


OMS Te en re ea oe Pee hee te eee 


ee pene: 
Mile- | Popu- ation equiva- 
age | lation eer Lana 
f 4 con- ical oxygen 
Municipality State Receiving stream nected | Preatment demand) 
—;—|to sew- 
ers 
Un- Dis- 
1) | (2 

()| @) treated'charged 
Mounds..-.\..--.- WNOIg 2s Le Trinity Slough.------- 3)’ 7 22, 000 None__ ---| 2,000} 2,000 
Providence--___..- Kentucky__.._.. Owens CreeK_-.------ 43] 108} 3,800} Chemical_| 3,800! 1, 900 
Dawson Springs.-|--_--- GG bef 8e Tradewater River.....| 87) 108} 1,300) None_____ 1,300} 1,300 
Harrisburg -.__--- Minoigs iS Pankey Branch. ------ 35| 114) 8,000) Secondary_| 8,000} 1, 200 
wildorado.2..v...|.. 5. PS a TS, Eldorado Ditch------- 39} 114) 3,000; None’____| 3,000) 3,000 
Morganfield_____- Kentucky____._. Lost Greeks=: 2-255 11} 138} 2,000}-..do______ 2,000) 2,000 
Fort Branch_____.| Indiana________- Pigeon Creek. -------- 44| 188 ONT) eC (ie 11,100) 11,100 
Boonville: sch d Cypress Creek. 13} 205} 3,000]_..do______ 3,000} 3, 000 
Marengo_____.._. ae Whiskey Run-_-------- 27| 318 SOG eewine be. 9,800} 9,800 
Central Barren___|_..-- do_. SIEMOIG spe —- ne eace 28) 323).--.---|--- do______| 4,000) 4,000 
Bupmanss! ay obs hy a Ci (see North Hogan Creek__.| 22) 484/.------|-.. do 600} 3,600 
Olive Hill__...... T ygart, Creek..2.....-. 52! 628) 1,000|-..do______ 1,000} 1,000 


1 Miles above confluence of minor tributary with Ohio River. 
2 Miles above mouth of Ohio River to mouth of minor tributary. 
3 Septic tank ineffective. 
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Taste M-3.—Minor tributary basins: Sources of pollution including industrial 
aes egy as sewered population equivalent (biochemical oxygen demand)— 
ontinue 


powered popu- 

tag's lation equiva- 
it eo lent (biochem- 

Peake r Mitiet'|: eon: ical oxygen 
Municipality State Receiving stream age - (nected Treatment demand) 
to sew- 
boy Un- | Dis- 

treated charged 

WSUStON. <2 ceo Oni6. Sosateeasod Meadow Run._..--.--- 55) 705) 2,000) Primary__| 2,300} 1,600 
Oidweils 65°54 so ri Capea pian ras Duck Creek__.__.._..- 39| 810) 1,000); None___-_- ,000| 1,000 
West Union_____- West Virginia...| Middle Island Creek_-_| 71] 827) 1,000 ass | eee 1,000; 1,000 
Woodsfield._____- BIO Gee a alae Standing Stone Run__} 21} 863| 2,200) Primary__| 2,200) 1, 400 
Cameron. ......-. West Virginia_.-| Grave Creek_________- 18) 879} 1,600; None_.___ 1,600} 1, 600 
AONE cede ee Pennsylvania_..| Cross Creek_____.____. 14] 909) 1,000)...do______ 1,000} 1,000 
Salineville__..___- Ohio. swatches. Riley Run____- Sagi a 12} 931} 1, 500}_..do____.- 1,500} 1,500 
1 area) [ree | Ce Se Bt Fork Little | 24) 942) - 3,400)_..do..__._| 3,400] 3,400 

eaver. 
Salant S| ri (eee ae Fees. aed Pee COs 5 ie he ores 48) 942) 12,000) Secondary_| 12,000; 1,800 
Burgettstown__..| Pennsylvania_..| Raccoon Creek________ 32} 951; 1,000} None____- 1,000; 1,000 
Oakdale d 1;5600)0F do. ool 3, 1,600} 1,600 
McDonald... 85100 ee G05 5 242 3,100} 3,100 
Bridgeville__- 4, tudes? 4,200! 4,200 
Canonsburg 13,000) do uses 52 13, 000} 13, 000 
Houston____ at z aS pls 6: Seatac ane 1,600} 1,600 
Washington__._--]_- 35} 978) 28,000) Secondary_} 28,000] 4, 200 
Gh ameter courocs ic. oo Sotho SL ARF A a 65, 300) (4)... __ 67,900} 24, 000 
Total: 

PAIN OB! SUS NE Ft A he Ped Gh koe Se ee a 20; 900 2SSuct 32. 20,900! 8, 300. 

Indinna: {12x sic citesir. cee eta oh are ode eles de, JOU) 32 eee re 43,700} 36, 300 
WEONUUGKY—. of so scancectacs cee eee ere a es 2a 000) So2cn. cette 20, 500} 10, 700 

(se RAAT ARSE OOO ES Fiera LS pei GUL ee egeer ny pe aren 47, O00) occ Lh 47,800} 17,000 
Pountvivanip. oo 6. hte Pp eee re a a | | eee 58, 200; 30, 900 

Wrest Virginie, 252482 ACE ooo Rae ee pOUO Loc ea Mates 7,900} 7, 700 

Total, ‘all minor tribtitaries..= -.s22t20 (sen fe eee 167; BOU) sci soSeced 199, 000} 110, 900 


‘9 places, primary treatment; 28 places, secondary treatment; remaining 28 places, no treatment. 


Industrial wastes.—Relatively little organic industrial waste enters 
the minor tributaries. Table M-4 shows the industrial wastes to be 
equivalent in oxygen demand to sewage from 31,200 people, almost 
all of which comes from canneries and meat-packing plants. Most 
of these are located on small streams in Indiana. 


Taste M-4.—Minor tributary basins: Summary of industrial wastes not dis- 
charged to municipal treatment plants with total industrial waste load in the 
basin $ 


Industrial-waste_ Estimated 
disposal At least sewered 
Number minor population 
Industry of corrective | equivalent 
Plants | Municipal| Private | Measures | (biochemical 
sewers outlets: td devieney 
GRIMM G Sct cee s set Aes Soe A Seat ers 2 Gite ncccaceee 6 5 13, 300 
“tree ier Soereeoe nbs 58 kc ee 7 fal Re tere pee 7 7 16, 700 
GG 15 ee at AA is Ste) AS ee a SE ek pe Ss, vit Oe Re eae 2 1 300 
Bisa isd: Si Get a ee SL ee ere 4 ye Peeteet oe eee 
PM Tpeblloneous= 3 123 Soot a see: aed 5 1 4 1 eraee. ee 
Wastes unconnected municipal 
GPOHIAROUE 3.058. kee etter 24 i 23 16 30, 300 
astes discharged to municipal treatment_._.-..----------------- Gab idcectitRrecctoetteee 900 
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Acid mine drainage.—Probably the most damaging pollution to 
which the minor tributaries of the Ohio are subjected is from acid 
mine drainage which affects streams in the upper. part of the basin, 
particularly above Marietta, Ohio, and in the lower part of the basin 
where the Saline and Tradewater Rivers are the largest acid streams. 
The total acid load in the entire area before mine sealing is estimated 
at about 230,000 tons per year. Some 53,000 tons have been removed 
by sealing. More than 80 percent of the acid is from the area above 
Huntington. This problem is discussed in a section of the report on 
acid mine drainage. 


PRESENTATION OF LABORATORY DaTA 


The maps which show coliform, dissolved oxygen, and biochemical 
oxygen demand results on the main Ohio River also show similar 
data on its minor tributaries. Summaries of laboratory results are 
shown on table M-7 (p. 270). Sampling of these areas was done 
concurrently with work on the adjacent sections of the Ohio River 
but was generally less intensive than on the main stream or the 
larger tributaries. 

PITTSBURGH TO HUNTINGTON 


In general, coliform counts were high along the minor tributaries 
in this section. A number of the streams were heavily acid. Acid 
data are summarized in table M-7A. Oxygen conditions were gen- 
erally rather good except on Chartiers Creek below Washington and 
Canonsburg, Pa., and on some of the very small tributaries. 


HUNTINGTON TO CINCINNATI 


None.of the minor tributaries on this section were found to be 
heavily polluted although a number of them showed moderately high 
coliform counts below some of the small sources of pollution. Oxygen 
results were good, with biochemical oxygen demands generally below 
3 parts per million and dissolved oxygen over 6.5 parts per million. 


CINCINNATI TO LOUISVILLE 


The tributaries in this section also were found to be in generally. 
good condition. Local pollution was evidenced on Laughery Creek 
at Batesville, Ind., Hogan Creek at Aurora, Ind., Harrods Creek at 
La Grange, Ky., and Goose Creek at Anchorage, Ky. 


LOUISVILLE TO MOUTH 


This section includes the two largest of the Ohio River’s minor 
tributaries, the Saline and Tradewater Rivers which enter the main 
stream about 110 miles above its mouth. Several of the tributaries 
of the Saline were found to be acid. Low dissolved oxygen, high 
biochemical oxygen demands, and high coliform counts were found 
below Eldorado and Harrisburg, Ill. In the Tradewater Basin local 
pollution was found at Dawson Springs, Sturgis, and Providence, 
Ky., and acid was found at Earlington and Providence. Both the 
Tradewater and Saline were in good sanitary condition at their 
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mouths during the sampling period. Acid results on these streams 
are summarized below: 


Average acidity, parts per Average iron, 
, million 


parts per million 
Num- | 
Station Month 1940 | berof | pH Phenolphthalein 
samples Methyl e ie 
red errous otal 
Hot Cold 
Saline River: 
Eldorado-_-...---- August___----- 1] 2.8 , 228 2, 505 2, 404 500 750 
1 ee ne y= 4 Hay a [ iiag es 3} 42 405 940 536 18 150 
Harrisburg 2022 yuk (i (ees Ce ae aE 548 1, 340 774 26 2145 
Pankey Fork:__..-|.-.-- Q0a==-<- 3] 43 103 445 202 212 2103 
Tradewater River: 
Earlington_ - .-| November- --- 31° 3.3 241 1,024 891 456 475 
Providence_- SP CLO Dis axe o 1 3.6 98 169 157 2 12 
IG: 84 eS aces November- --- BT OMe gee, ee 76 64 5 10 


11 sample only. 2 Average 2 samples only. 


Other places where more or less heavy pollution was found were on 
Cypress Creek below Boonville, Ind., Indian Creek below Corydon, 
Ind., Beargrass Creek at Louisville, Ky., Lost Creek below Morgan- 
field, Ky., and Crooked Creek below Marion, Ky. 


Taste M-5.—Minor tributary basins; selected laboratory data 


a i 
LTS eee Og eae eRe oy Se Chartiers Chartiers|Chartiers) Middle | Middle | North Goose 
Creek Creek Creek Fork Fork Fork Creek 
Little, | Short Cedar 
Beaver Creek Creek 


Tacationc2eo eee Below | Below | Above | Below | Below | Below | Below 
Washing-| Canons- |Carnegie,| Salem, | Cadiz, |Kentucky| Anchor- © 
ton, Pa. | burg, Pa.| Pa. Ohio Ohio State | age, Ky. 
P ; prison 
River milesabove—__- 
Confluence with Ohio-_----- 34 23 8.5 37 25 9 4 
Mouth of Ohio !--...------- 978 978 978 942 900 385 384 
eriod, 1940222250 55¢-.g4e oA October | October | October | June- | October | July- July- 
July August | August 
Number of samples-_----------- 3 3 4 3 2 3 3 
Fow in cuhic feet per second: 
Seainling days 3455025 2 eee ciate ee et ee DRS Le ee () 
Minimum month: 2)... ae oer eke ne OY Eh ES 5 ea) NR re |Repverer Enis 6 ae st oly <= 
Water temperature °C _________- 14.7 14,3 11.0 21.5 10.0 Fy pt oh ee 24.2 
Coliforms per milliliter_______-- 4, 800 587 6 102 5, 960 9, 510 114, 000 
Dissolved oxygen, parts per 
WON 8 Oe EE: 2 0.5 1.6 5.3 5.8 5.4 i "ip .0 
Biochemical oxygen demand, : 
5-day, parts per million__-____- 15.9 8.3 8.0 2.6 9.3 28.2 52.0 
iver so fon Nise ae, Beargrass| Indian | Cypress} Lost | Drainage) Pankey | Crooked 
Creek Creek reek Creek ditch Fork Creek 
Negra tiontess 1 Soot 3 oan sie eS Near Below | Below | Below Below | Below | Below 


mouth |Corydon,| Boon- | Morgan- |Eldorado,| Harris- | Mario 
Ind. __|ville, Ind.| field, Ky. Til. burg, Il. Ky. 


River miles above— 

Confluence with Ohio-. 0.1 16 1 7 38 34 ; 10 
Mouth of Ohio.......------ 379 323 205 138 114 114 103 
PerigGs 204001. 55050 OLE October | August | October | October-| August | August | October- 

¢ Novem- Novem- 
r ber 
Number of samples. -_---_-_.-- 2 3 3 3 3 3 3 
Flow in cubic feet per second: 

[Torr CLT a6 Gir Ey ee 2 pene OE) ERNE DS Wee es (2) 
Water temperature °C___._-___- 17.5 26.5 14.8 13.7 32.5 26.2 16.2 
Coliforms per milliliter. ___.___. 46, 000 23, 800 11, 200 4, 730 15, 600 16 3, 

issolved oxygen parts per mil- 

CRB bee Sa ie Se Soe CEES Pe 0 4.7 0 6.5 0 1.8 Cas 
Biochemical oxygen demand, 

5-day, parts per million_____- 51.2 6.9 |: 35.6 7.2 31.8 10.4 16.3 

EE 


4 Miles from mouth of Ohio to mouth of tributary, 2 Less than one, 
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Hyprometric Data 


Sixteen stream-gaging stations have been maintained at various 
times on minor tributaries of the Ohio. Five of these stations are 
currently in operation. Table M-6 shows data on low summer flows 
at a few of the stations. 


TaBsLtE M-6.—Minor tributary basins: Monthly mean summer flows for years in 
which low summer flows have occurred 


Cy Si pipe alts Rie Ot Umass RE SE St Cae 9 A Sian Chartiers Little Middle Raccoon 
Creek Beaver Island Creek 
Creek 
LOC Se 0 Ree th Se Pea ah ate a es wR fk ILE Uo Carnegie, |East Liver-| Little, Adams- 
Pa. pool, Ohio; W.Va. | ville, Ohio 
River miles above— 
Conflucnes with Ohio =. F2ti tes se 8 4 25 25 
MUINETE GUM IG tte toh etek IS ee 978 942 827 705 
LER ES COCR 1 2 mate NO Sa a i py OE square miles_- 264 505 458 587 
Oris PeeNe > the Ph fas ea 1919-33 1915-40 ey 1915-35, 
1938-40 


96 30 72 

4.4031 pee Ek ep tl oY Speen ee Oem ge EPO omnes 44 22 166 7 

BOD UOT WOE sa. nae ao Aol on Se eee he gue, G0. 26 28 2 152 

ST ORR Big eine | Oe oy eat EN Gans A ere nd? | 1932 1939 1936 1932 

rs eA es Sle I ea cubic feet per second _. 60 359 5 57 
Lid nie RT (idan ip eg PURES ual Se SIN ec aria eaeiae es Bela Y do__- 67 226 108 255 
(iT 1 eae et esp Slign: MEME a lee sae pe ened SPA Osa) 30 103 34 25 

iE] 0 (GLUT Lac) ga ay a Sa Ne ae ace dez2-3 26 29 6 ll 


1 Miles above mouth of Ohio at mouth of tributary stream. 


A large part of the flow of Chartiers Creek is mine drainage. Other 
minor tributaries are subject to extremely low flows. 

Proposed flow regulation.—One of the reservoir sites studied by the 
United States Engineer Department for Ohio River flood control is 
located on Twelvepole Creek, a minor tributary which enters the 
Ohio River near Huntington, W. Va. This is a relatively clean 
stream receiving a small amount of sewage from one rural community. 
Low-flow regulation by the proposed reservoir would have no appre- 
ciable tangible value for pollution abatement. 


Discussion 


Pollution problems on the minor tributaries. of the Ohio are pre- 
dominantly local in nature and are concerned primarily with preven- 
tion or correction of offensive conditions in small streams subject to 
extremely low flows. An exception to this is the acid problem which 
must be attacked on a more or less basin-wide scale, at least in the 
upper third of the Ohio Basin. None of the nine surface water 
supplies shown in table M~2 is subject to heavy sewage pollution and 
although adequate bacteriological data are not available, it is probable 
that the water-treatment plants are not overloaded. Several of the 
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water supplies are affected by acid mine drainage, notably the Harris- 
burg, Ill., supply. 

Recreational use of these minor tributaries is extensive, particularly 
in the neighborhood of the large Ohio River cities. The small tribu- 
taries are usually the cleanest streams for water sports and the rugged 
terrain through which most of them run is attractive for summer 
cottages. Even in the upper part of the basin, where mine acid has 
damaged many of the streams, there are some which are notable for 
their recreational value. 

The low flows to which most of the streams are subject make rather 
complete treatment of wastes necessary for the prevention of local 
nuisance conditions. Each stream, however, presents more of an 
individual problem than is the case in the larger tributary basins 
where the effects of pollution may be felt more generally. 

Most of the sewage is already being treated. Some of the existing 
plants appear to be inadequate. Estimated costs of a suggested 
program for abatement of sewage and industrial waste pollution 
are summarized in table M-1. Reduction in the mine acid load is 
badly needed. The cost of work to accomplish this is shown in the — 
section on acid mine drainage. 
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ALLEGHENY RIVER BASIN 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Allegheny River drains 11,730 square miles in western Pennsyl- 
vania and New York and joins the Monongahela River at Pittsburgh 
to form the Ohio River. The southern part of the basin is an im- 
portant coal-mining area and the streams there are polluted by acid 
mine drainage. The Kiskiminetas is the most strongly acid large 
stream in the Ohio Basin. A major portion of the sewage and indus- 
trial wastes in the basin enters the Allegheny in the vicinity of Pitts- 
burgh. The Clarion River is grossly polluted by industrial wastes 
and greatly improved treatment techniques will be required to abate 
the pollution. The larger communities depend generally on surface 
water for municipal supplies and a number of these, particularly in 
the vicinity of Pittsburgh, are seriously. affected by acid mine drain- 
age, untreated sewage, and industrial wastes. Considerable progress 
has been made toward pollution abatement in streams not subject to 
acid pollution and, in general, these streams are relatively clean. _ 

A program of municipal and industrial waste treatment is outlined 
which, together with a basin-wide program of mine sealing supple- 
mented by low-flow regulation incidental to flood-control operations 
at reservoirs already built or authorized by the Congress, seems to 
offer the most practicable method of pollution abatement. 


CONCLUSIONS 


(1) Of 225 public water supplies, 91, including those serving most 
of the larger communities, are from surface sources. 

(2) Sewage from about 920,000 people, industrial wastes equivalent 
in oxygen demand to sewage from an additional 680,000 people, and 
about 375,000 tons of mine acid per year enter the streams of the basin. - 
About 18 percent of the sewage is treated. ; 

(3) Laboratory data indicate that the major pollution problems are 
due to acid rather than to organic wastes although organic wastes 
cause gross pollution in a number of streams not affected by acid. 

(4) Mine sealing has reduced the original acid load by about 8 per- 
cent from 405,000 to 375,000 tons (to phenolphthalein—hot) per year, 
and although the present load throughout the Allegheny Basin is only 
about 32 tons per square mile per year, the tributary Kiskiminetas 
Basin receives 164 tons of acid per square mile per year, or an intensity 
greater than the Monongahela or Youghiogheny, the next most strongly 
acid streams. 

(5) A program for acid control including mine sealing supplemented 
by flow regulation is outlined in the section of the report on Acid Mine 
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Drainage. Expenditures to date for mine sealing in the basin are esti- 
mated at $510,000. The next step in the mine sealing program is com- 
pletion of sealing of mining areas not connected to active ventilation 
systems at mines where sealing costs will not exceed $10 per ton of 
acid sealed per year. The total estimated cost of this program in the 
Allegheny River Basin is $1,460,000. 

(6) Acid conditions can be further improved and mine sealing supple- 
mented by flow regulation from storage of at least 210,000 acre-feet in 
the Allegheny River Basin. This storage could be provided incidental 
to or in conjunction with flood control in reservoirs already built or 
_ authorized by the Congress. 

(7) The problem of municipal sewage treatment at Pittsburgh is 
discussed in the section of the report on the main Ohio River. Low- 
flow regulation from reservoirs in the Allegheny River Basin will be 
of value in reducing treatment costs, notably at Pittsburgh and 
Cincinnati. 

(8) Primary sewage treatment should be adequate at cities on the 
Allegheny River with the exception of Olean, N. Y. (which now has 
primary treatment), and Coudersport, Pa. Effluents from existing 
and suggested plants near water intakes, notably those on the lower 
30 miles of the Allegheny, should be chlorinated to reduce bacterial 
loadings on the water plants. 

(9) Justification for treatment and the degree of treatment of sewage 
and organic industrial wastes in many cases is dependent upon the 
status of mine-acid reduction measures. The situation varies with the 
degree of acidity of the stream and the amount of organic pollution 
discharged. At some places the need for waste treatment is urgent 
at present, and at others the first expenditures of public funds can be 
made to best advantage toward furthering the acid-reduction program. 
In general, cost estimates presented apply to a comprehensive pro- 
gram that will be justified in parallel with extensive acid-control 
measures. 

(10) Secondary treatment is indicated at six communities in addi- 
tion to Coudersport, the largest ones being Bradford and Du Bois. All 
of these communities are located on alkaline streams subject to ex- 
tremely low flows. 

(11) Additions or improvements to existing sewage-treatment plants 
are indicated at seven places, the largest ones being Jamestown and 
Olean, N. Y. At Jamestown the necessary degree of treatment de- 
pends to some extent on the method of operation of the dam at the 
outict at Lake Chautauqua. 

(12) Industrial-waste pollution is particularly severe along the 
Clarion River. Any major improvement in conditions there will 
require the development of better waste-treatment techniques if plant 
operations continue at the present level. 

(13) Cost estimates of a suggested program of sewage and industrial 
waste treatment are summarized from table A—1 as follows: 


Treatment | Capital cost | Annual cost 
Peng ee ee a Sees i ol ph ei kok ail Oil | gles $5, 460, 000 $410, 000 
Sopeested saditiodak “iii MePhids Tp ib FOLIO Ia 10, 680, 000 1, 155, 000 
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Estimated additional costs, over existing charges, of programs involv- 


ing uniform treatment throughout the basin are: 


\ 


Treatment | Capital cost Annual cost 
PONISI, GU IACRN pn ee Sk en he Rit ee ae eh oy nee $10, 010, 000 $1, 065, COO 
Bern dary ; He wiscos 53) she As wie Be aes ee Ep 13, 880, 000 1, 545, 000 


Taste A-1.—Allegheny River Basin: Estimated cost of exisiing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


pasion of Annual charges 
plants ‘ 
acted te eed ee Mpcve 
men zation ion an 
“ne. ai sewers and mainte- Total 
y y interest | nance 
Existing sewage treatment - -___. 22 19 164, 300 | $5, 460,000 | $310,000 | $100,000 | $410, 000 
Suggested minimum correction: 2 ae 
Sewage treatment plants. _- 86 7 712, 200 | 6,350,000 | 450,000 | 305, 000 755, 000 
IRecuired intercantore 441 be | een ae oo es 3; 670, 000.) 170, 000 Vsses 2. 2 0, 000 
Independent industrial 
waste-correction__-- =. .=|--22- 22} <-.-niesteewceecezece 669, 000 90,000 | 146,000 230, 000 
TONGA SE cere Cent ie: ALIS tn cee a 20 ee en 10, 680,000 | 710,000 | 445,000 | 1, 155, 000 
Comparative cost: 
Primary treatment, all 
PU ASUG! b ceer thd re aaa. bee SAL ite aun hrc wred 10,010,000 | 660,000 | 405,000 | 1,065, 000 
Secondary treatment, all 
Piste. tN rk ft ENA UPS feats AMOS | Dy = 9 peo 13, 880,000 | 930,000 | 615,000 | 1, 545, 000 
We suppesten. 2 sci be ret! exe Sy tek 2 ioe al k= se en 10, 680,000 | 710,000 | 445,000 | 1, 155, 000 


Norte.—Costs shown above do not include the cost of interceptors or treatment works for the city of 
Pittsburgh or its suburbs whose wastes would probably be treated at a plant along the Ohio River. ® 


DESCRIPTION 


The Allegheny River drains 11,730 square miles, of which 9,775 are 
in western Pennsylvania and 1,955 are in southwestern New York. 
The area is, for the most part, hilly or mountainous with steep slopes 
rising several hundred feet above the narrow stream valleys. In the 
northern and western portions of the basin, which have been glaciated, | 
the topography is less rugged. The main stream rises in Potter 
County, ty and flows in a northwesterly direction into New York, 
where after flowing west for about 30 miles, it turns southwest and 
flows back into Pennsylvania. The Allegheny River, about 325 
miles long, joins the Monongahela River at Pittsburgh, Pa., to form 
the Ohio River. : 

The principal tributaries of the Allegheny River are: 


Drainage area 


ah Miles above 
Tributary stream mouth | (square miles) 
Kiskiminetas River. 30. 2 1, 892 
Mahoning Creek 56. 2 417 
Red Bank Creek 64.9 —- 586 
Clarion River_--___.___-_ 86.1 1, 232 
French Creek. .---.-_..._- 126.6 1, 246 
LOU) y lente tapabac dream amete ts Nodal abate MORE nial ied apa! «0a tpn NER OS nes 134, 1 340 
WibtestiiCPeakOG So BIC ate ce ie a ee ek ees oe 154, 2 485 
Conewango Creek 192.0 898 


yi 
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The Kiskiminetas Basin is an important bituminous coal mini 
area and smaller amounts are mined in the Crooked Creek, Cowan- 
shannock Creek, Mahoning Creek, Red Bank Creek, and Clarion 
River Basins. Although coal underlies much of the area farther 
north, it is not of great economic importance. Oil is found in the 
northern part of the basin. Production in the Oil Creek area, the 
first developed oil field in the country, is decreasing and most of the 
oil comes from the newer fields to the east. Although almost all of 
_ the virgin forests which originally covered about 90 percent of the 
basin are gone, a large part of the basin is covered with second-growth 
timber. The more level lands in the glaciated portion of the basin 
support a stable and prosperous agriculture. 

The steel industry in the basin is concentrated around Pittsburgh 
and at Johnstown, which is also the center of the coal producing area 
of the Kiskiminetas Basin. The greatest concentrations of popula- 
tion are at these two places. The populations of the basin and its 
larger cities, excluding the city of Pittsburgh, are shown below: 


Populations 
1910 1920 1930 1940 

Principal cities: : 

SPR NUS SN 82-4 Soest ase dob. made chou cssoee 55, 482 67, 327 66, 993 66, 668 
MIMEIORGOMIT Ne a) cate Le ea BR Are eo Bon 31, 297 38, 917 45, 155 42, 638 
MGW ICGNSINGION; (PAs Bas. ct sk wasedwena-5oss-2~-%> 7, 707 11, 987 16, 762 24, 055 
MAGAT UI cece fee a. eho. wei eeoehbacs scan 14, 743 20, 506 21, 780 21, 506 
DiGi te Rie so doses este AK descend inc 252 15, 657 21, 274 22,075 20, 379 
PCR VINOy Paro nee el ies deus dun csccc nae sos 12, 780 14, 568 16, 698 18, 919 
Bradford, Pa._--- 1) +? ee ES hae ee eee ee Bae 14, 544 15, 525 19, 306 17, 691 

Entire basin: 

: OHP AL ie heat ha eb ednctedeules deneawened oud aes 654, 456 659, 607 666, 109 713, 148 
LUE DAS Ra alee i Ta PRY Bea AB Sie on ye 365, 270 71, 689 527, 388 | 523, 546 

ODO ar acbaudevodidwscckdnnuwts ons deubageueasees 1, 019, 726 | 1, 131, 296 | 1, 193, 497 | 1, 236, 694 


Water uses —The lower 70 miles of the Allegheny River have been 
improved for navigation by eight low-lift locks and dams which, with 
backwater from the Emsworth Dam on the Ohio River, provide a 
navigable depth of 9 feet. A considerable amount of coal, coke, sand, 
gravel, and limestone moves on this waterway. One hydroelectric 
project has been built by private interests, the Piney project, on the 
Clarion River. 

Construction of four flood-control reservoirs has been virtually com- 

leted by the Corps of Engineers. These are on Tionesta Creek, 
ahoning Creek, Crooked Creek, and Loyalhanna Creek and are part 
of a system of reservoirs on the Allegheny and Monongahela Rivers 
and their tributaries intended primarily for the protection of the 
Pittsburgh metropolitan area. In addition to serving this purpose, 
it would be physically possible to utilize a portion of their capacity 
to increase stream flow in the Allegheny and in the tributary streams 
below the reservoirs during low-flow periods. Four additional reser-. 
voirs have been authorized by the Congress for flood control. The 
largest one would be on the Allegheny River above Warren, Pa., and 
has been planned to include storage for low-flow regulation. 

The cleaner streams in the rather sparsely populated mountainous 
section north of the mining area are used extensively for recreation. 
A considerable part of the land in this section is in State forests. 
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Chautauqua Lake, Conneaut Lake, and other smaller lakes in the 
_basin also are widely used for recreation. ) 


PRESENTATION OF Fretp Data 


Figure A-1 shows the location and magnitude of the more impor- 
tant sources of pollution in the basin. Figure A-2 shows similar data 
and, in addition, the location of water supply intakes from polluted 
streams and laboratory data on coliform organisms, dissolved oxygen, 
and biochemical oxygen demand. 

Public water supplies—Of the 225 public water supplies in the 
Allegheny River Basin, which serve about 1,545,000 people,’ 91 are 
from surface sources. Only 21 of these are from polluted streams, 
the other 70 being from impounding reservoirs or small streams drain- 
ing rural areas, but the 21 supplies include most of the largest ones, 
Table A-2 shows data on the surface water supplies of the basin. 


TaBiLe A-2.—Allegheny River Basin: Surface water supplies 


he orgy 
Treat- | Population ee 
Source Mile! ment ?3 | served 4 mates 
Sopply: per day 
Supplies below community sewer outfalls 
Pennsylvania: 
Pitspurgs foe a Allegheny River-__.___-.--- 8.0 FD 4 600, 000 80. 30 
Pennsylvania Water Co___|__._- Geb ee Lape oe 8.5 FD 4 167, 200 11. 00 
Mon hanel: . 2c 2th 2c cS Gourde peat oes ee 10.0 FD 3, 500 .14 
WMakmong so) 023... 3 ok dens Mae VUMEE eo Se 12.8 FD 14, 500 2. 50 
New Kensington_-_....._..|..... Best 3 eer ey 21.0 FD 35, 000 3. 60 
Prarentiarisc! 1) oe hs 9 7. eee OE ee aestae A E se F Se 25:7 LD 13, 000 - 90 
Drackemnidge..¢ 2. aso]: 45 vy a ce ae eR pa FD 6, 300 . 80 
Natrona ts 322 ¥ ehed 1 leh cae ps set 24.6 FD 12, 000 47 
Ba aad 99:31 FD 3, 300 1385 
zl > SBs8 FD 700 |. . 04 
: “| 45.6] FD 7, 500 1.25 
Furnace Run No. 1_-_.__---|_--_- Gre eee Ste El ABB FD 600 - 02 
Parkeri@ity: oi... steals Caw ipa (28 aS 84.0 FD 900 . 08 
domilantan' 8.0.9: ve aagep-o.d0 (i nent 2% Seger ees TE 91.6 FD 1, 000 .07 
Raltshure fs 2k. 6s cat: Conemaugh River____..-..-| 67.5 LD 1,000 - 10 
IMOANG Pt -2 2362 AG ches Two Lick Creek-Ramsey 93.0 FD 10, 000 . 65 
E Run_ wells. 
Hooversville...-...--.-..-- Stony Creek, impounded_---| 131.0 LD 1, 400 - 03 
New Bethlehem__________. Red Bank Creek___...------ 88.5 FD 2, 000 . 20 
Mrapkiin. S. jhe 25 a French Creek, wells, spring-| 128.5 FD 14, 000 2. 20 
Cambridge Springs_______- French'Creek ci. 2. 4 us 174.0 FD 2, 200 - 40 
New York: Olean.._...__...- Olean Oreek 822 ee 260. 0 FD 24, 000 2. 50 
‘Total below sewer: outfalis: oc 252 ye es oe ce ean eee 920, 100 107. 60 
MERU DBE SUT BOO SU lOea laste pardnucte acccthaotee tet etre dks o Bmpma epee te wai ee oe 345, 400 31. 78 
‘opaleurines Water supplies sire BIS oe at eee ota c enn awdauacdalee 1, 265, 500 139. 38 


1 Miles above mouth of Allegheny River. F 

2 F =Coagulated, settled, filtered; L=Lime-soda softened; D= Chlorinated. 
3 Slow sand filters. = 

4 Part of population served is outside Allegheny River Basin. 


_ The chemical quality of surface waters in this area is generally 

excellent except as it is modified by mine drainage, brines, or other 
pollutants. The alkalinity and hardness are low, particularly in the 
mountainous area. In the glaciated portion of the basin the water 
is somewhat harder and more alkaline and the taste, odor, and color 


: 1 Includes entire population served by Pittsburgh municipal supply and Pennsylvania Water Co., taken 
from Allegheny River. Part of population served is in Monongahela Basin and along the Ohio River. 
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troubles are often experienced due to algae growths and decomposition 

of organic matter in the numerous swamp areas and lakes. The 

alkalinity of the streams in this area, while considerably higher than 

Monongahela Basin upland streams, is still quite low and makes the 

effects of acid-mine drainage more serious than in other streams such 

“4 “ae Muskingum, Kentucky, and Big Sandy where alkalinities are 
igher. 

Bini —About 920,000 people in the basin are served by sewers. 
Only about 18 percent of the sewage is treated. Table A-—3 shows 
data on sources of pollution and sewage treatment. More than half 
of the sewage is discharged untreated to the lower Allegheny in the 
vicinity of Pittsburgh and the Consmetigh and its tributaries in the 
vicinity of Johnstown, Pa. 


TaBLE A-3.—Allegheny River Basin: Sources of significant pollution, including 
industrial wastes expressed as sewered population equivalent (biochemical oxygen 
demand) 


+ , Sewered popula- 
Miles Popu- tion equivalent 
howe lation ‘ phaser nics =. 
noes con- ewage gen deman 
Municipality State Receiving stream eo a oct SY ig teh 
Se te) 
gheny | sewers Un-, Dis- 
treated | charged 
ag and sub-| Penn oes Allegheny River_.__| 0 to 8 |320, 500 597,200 | 597, 200 
ee: eee te Asap oes do 11 | 3,500 3, 500 3, 500 
Oakmont -__ 12 6, 200 7, 400 7, 400 
Springdale. 5 17 | 5,000 5, 000 5, 000 
PROTO 5. d ee 19 | 10,900 10, 900 10, 900 
New Kensington 5 eos 20 | 20, 700 21, 100 21, 100 
aeAmOnGn-, 22 225] 2 22 | 16,300 17, 500 17, 500 
Brackenridge______}__- C0 eee OG etic 22 | 6,900 6, 900 6, 900 
BVALrOnas - 2. aes} 2- <6 La ae) el EP, G03? Jaj2cecses 23 | 5,000 5, 000 5, 000 
fy 2) CV) 9 pe ee 3 | ops gu Ny EE C3 | ieee ee ee ie 29 | 2,700 2,.700 2, 700 
SrOUIOV.-- 24-2 oeeea|= (6 le aep 2 fd Me 0 | a Pe ee 80) | ncben as 14, 000 14, 000 
Sopgansport ss thc rol i amas OW EE GO 0 es teroeree a eee aeons 2, 800 2, 800 
3) Oh aie ee dow {tier 4d OO. 2 sor senate 42 | 5,900 5. 900 5, 900 
Kittanning _.__.__- Rigs! LE SS es (5b eg eee eee 46 |; 7,500 7, 500 7, 500 
Pitts? cee PP doje te GONG co sheeee od 125 | 13,000 -| 24,000 19, 500 
WCIGS <a See at ADL Sect t rn ie Sa aa ee eee 134 | 20,000 | None__---- 21, 400 21, 400 
West Hickory__.___|__- = Bop SVM pan Se OG ERAS Ape AGUS ee Pe utc amen: 12,000 12,000 
eren sot ay edd oe, A os kk | SD q0. 2 SRS 192 | 15,000 | None__-.-. 18, 400 18, 400 
Salamanca. ._.__._- New WGtkels Lee O02 oe Sage ak 235 | 9,500 |_____ 8 17, 000 17,000 
(VEST aah a os POM | cae ind one GO). ee ee 259 | 24.000 | Primary_--| 28, 500 19, 000 
Port Allegheny _-__- ats po; oF i) pee ene ae 285.| 2,300 | None__.-.- 2, 600 2, 600 
vania. 
Coudersport____._-1__- dpsehs Soc ie Gt asus ec sek5 802 |, 2200 1__... do. 2eea 5, 800 5, 800 


1 Pollution loads from Pittsburgh and suburbs are distributed to Allegheny and Monongahela Basins 
and main Ohio River as follows: 


Sewered popula- 
Miles Popu- tion equivalent 
F lation (biochemical oxy- 


above Sewage 
Municipality State | Receiving stream | mouth boo treat- gen demand) 
of Alle- sn ed | ment 
sheny | sewers Un- Dis- 
treated | charged 
ot te and sub- tg er hi Allegheny River. 0-8 |320,500 | None__| 597, 200 597, 200 
urbs. vania. 
OD. bo A pone plete 0-10 |319,500 |_..do__| 458, 500 458, 500 
iver. 
1) doo. 24} iOhie Rivets 2e22 @ 0-4 |261, 700 --+d0- i], 278, 600 | | 278, 600 
Mota Os TO pES he Geese Age st PREP ERY Ge te. 3 008700 |e52-2 1, 1, 334, 300 i “1, 334, 300 
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Tasie A—3.—Allegheny River Basin: Sources of significant pollution, including 
industrial wastes expressed as sewered population equivalent (biochemical oxygen 


demand)—Continued 


Sewered popula- 


Miles Popu- tion equivalent 
ghove lation 4 wget gt cre oe 
Aen “a con- ewage gen deman 
Municipality State Receiving stream Leyes! cet od.| teonitmant 
) 
gheny | sewers Un- Dis- 
treated | charged 
Leechburg_______-- Pennsyl- | Kiskiminetas River. 35 | 4,300 | None_____- 4, 300 4, 300 
vania. 
ATCT ES grag ty sPieahon DDR |e Pomme toaeal Ue BE ODL 3. fe ee 40719; A001 2-222 CuseS: 11, 400 11, 400 
pollo___ Se >t S Se. eee 44 lS" 00) than 0c. 5: 3, 200 3, 200 
Latrobe. Loyalhanna Creek__ 80} 8, 400 |_-__- (a (le Soe 12, 700 12, 700 
PMniSsViNe.. 2.055 o]sc2 Conemaugh River__ 11 Wee 18) i Pees [és pelea 5, 000 5, 000 
2 ada and sabe} 2-dos" -2-|...5 (args, Spee es 109 | 70,700 |__--- 0s... 2 160, 6CO | 160, 660 
urbs 
1a ae Oe ee ange 4 McGee Run-_.-_--._- 85 | 3,000 | Section 2._ 3, 000 3, 000 
Westmont__ Bi ES | Stony Creek__--.._- 110 | 4,200 | None__-_-_- 4, 200 4, 200 
Ferndale. ___ ot ED Gace ea|o atts (TORR ots Res LIB 2, 00a ee oe... 2, 700 2, 700 
Windber-Paint Ber AR ee (5 ae Paint Creek....._..- 123)" 10; TOG == 22 cL eee 10, 700 10, 700 
East Conemaugh _-_|__- dp se 2 ne Conemaugh 112 4-4, 8000K, oe Ch a 4, 800 4, 800 
iver. 
LH 1 2, pee Gee 73 ee Pee PLEcE see ee 130} ).8,. 000 tas 42 6 fe ey 3, 100 3. 100 
USC cn 1 aa ea a Hea G02s st (( (a pauls Aes sy os Soh 140 001 ees G0ns. 2 2, 500 2, 500 
Punxsutawney-_-_--_|__- (2) pe _| Mahoning Creek ___- 110: | S:000cies22 MO sa 13. 800 13, 800 
Brookville... 5-0-2} due: = Red Bank Creek____ 1137} 4 SO aaa 4, 400 4, 400 
Reynoldsville.___._}__- oh ai Sandy Lick Creek__ 130°) 8, 608 [22 gee = 2 3, 600 3, 600 
mrss. te bie Yi ee die 4 see ete 146 | 12,000 |____- do___..| 13,800 13, 800 
wiulayeay 216-20 tS: dpe... 4 Clarion River--.-...- 180" [6 S00 fees dae. 25, 300 25, 3C0 
Johnsonburg_-_____-|__- ro ns a NS ie eel os ea eee 189 | 4,600 |____- ao... 96, 600 96, 6(0 
St. Marys:-...--.--..- dices. 5 Bie Greek. -22--: =. - 101-|; F, 800 <2 Ce 16, 000 16, 000 
WWICON oR elo rs ee West branch Clar- 104. | Shey erate Sor 3, 500 3, 500 
ion River. 
Meadville. ________|___ dob test French Creek -_.-__- 156 | 20,000 | Secondary _| 29,800} 12,800 
Cambridge Springs |...do______|__._- GOcsi sieges seals 174} 2,200 | Primary__- 3, 300 , 500 
Rouseville__.-..---]--- (Oe aes Onl Oreck 2 es 138 | 1,000 | None____.- 5, 800 5, 800 
Titsville ss (if Sek feo do.2 $223 eS HOA eee 150° }48; TOO) bases age: 23 11, 100 11, 100 
Meawburg =o 2. ty (| ee Tionesta Creek. ____ Ad Sneha | pa ee a SO 9, 600 9, 6C0 
Mano. 624. 23a dosh t® doy 2:4: East branch Tio- 210 | 6,300 | None_____- 6, 300° 6, 300 
nesta Creek-Hu.- 
bert Run. 
DuymMoves (0252 - 3 Goi sioe Two Mile Run._____ 200 ROW]|. + 2der <2 4, 700 4, 700 
OMY. rete yas MOA sank. Hare Creek_.----._- 207 |, 7,000. be _ - sd 2 7, 200 7, 200 
Jar estown___.____- New York.| Cassadago Creek____ 216 | 42,500 | Primary__-_| 67, 800 §2, 4€0 
Faleoner......-.-.-|--- Got kerr Cols eae so eee a 217 y200 b. -223 do. 2u= 28, 200 27. 860 
Chautauqua. _-__--|__. do____..| Chautauqua Lake__ 236 | 15,000 | Septic tank. 15, 000 15, 000 
South Dayton. _..-|_.-dou__.-. North branch Cone- 237 200 | None-_--_--- 8, 600 8, 600 
wango. 
Mount Jewett ____- Pennsyl- | Kinzua Creek....._- 235 | 1,400 }.---- gore 2— 7, 000 7,000 
vania,. 
Bradford ._____- ax DS mee rs f apt ee Tunungwant Creek_ 252 | 18,000 |_.-.-.do___.- 20, 900 20, 900 
ieyismallensnmrced: 3/2. Hirth iste 7 Soa ete 118, 200 | (3) 130, 6C0 94, 400 
Total: 
New! Work" ¢o pcs) icheia ger odes: Ba ergs = ALO; BOOT ssc 8th acd 186,700 | 155, 600 
WP OUNS | VATA cnt 3 ea bomen A oa. ee tbs cage aaa (ct 1 GS i 1, 411, 500 |1, 358, 8C0 
Motel-entinhasites Ue ate ee ee ee 1G S800 ob fats Se ee 1, 598, 200 |1, 514, 400 


2 Treatment plant ineffective. 


318 primary and 17 secondary sewage treatment plants. 


Industrial wastes —Table A-4 summarizes data on sources of in- 
dustrial wastes by type of industry and method of disposal. These 
wastes are equivalent in oxygen demand to sewage from about 


680,000 people. 
municipal plants. 


A small amount of industrial waste is treated in 
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TaB.LEe A—4,—Allegheny River Basin: Summary of industrial wastes not discharging 
- municipal treatment plants, with total of entire industrial waste load in the 
asin y 


Industrial waste dis- Estimated 
At least sewered 
minor cor- | population 


Industry Optiedta oe rective cane 
at measures iochemi- 
Municipal | Private | “taken | cal oxygen 
‘ demand) 

% 7 0 5 53, 800 
2 0 2 2 84, 000 
3 0 3 2 57, 900 

7 0 i 6 9, 
3 0 3 3 19, 600 
15 10 5 ll 90, 600 
44 14 30 13 17, 900 
25 0 25 23 35, 900 
3 0 3 2 94, 400 
27 6 21 Bole eee sek 
ll 0 ll 6 63, 700 
8 2 6 4 124, 390 
41 12 29 5 21, 500 
Waste not connected municipal treatment. 196 51 145 93 673, 200 
Waele cdiscuarged to municipal treavments.) 025.) bee oe ee tee de che canoe 5 ae Oe ee 5, 200 
PEO VaL Meduisttial Waste Mtho pAsiN= 3.9) 62. co eee ee ees, woke Sacer so lo 678, 400 

By States: 

OW VOPR s Yok. ote ee aS Dee ee oan meee eee ete eee OD eal il en 76, 200 
eR G PUSS tae Su 2 OP ee SRE Ee De ee ncaa irate cee sel is ese oe 602, 200 


No single industry is responsible for a major part of this pollution. 
Textile, pulp and paper, meat, byproduct coke plants, tanneries, 
canneries, and breweries all are large contributors to the industrial 
waste load. About 40 percent of the wastes are discharged to the 
Allegheny in the 30-mile stretch below the mouth of the Kiskiminetas. 
The byproduct coke plants are at Johnstown, much of the textile 
industry is around Jamestown, oil refineries are scattered, but the 
greater number are around Oil Creek. The upper Clarion River 
and its tributaries receive a large part of the pulp, paper and tannery 
wastes. 

The significance of the steel industry as a source of pollution is 
due almost entirely to the discharge of spent acids, acid salts, and 
rinse waters from pickling operations. About 27,000 pounds of free 
acid per day are discharged by steel mills in the basin. These mills 
are located along the lower Allegheny and Kiskiminetas Rivers. 
The acids from pickling operations represent only a small portion of 
the total ‘acid load including that from mine drainage which affects 
these streams. 

Acid mine drainage.—The Kiskiminetas River is the most heavily 
acid large stream in the Ohio Basin. Smaller amounts of mine 
drainage enter other tributaries of the Allegheny River north of the. 
Kiskiminetas. The estimated acid load in the Allegheny River 
Basin, as presented in the section of the Ohio River Pollution Survey 
Report on Acid Mine Drainage, is shown below: 
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Allegheny 
River ex- | Kiskimine- pees 
cept Kiski-| tas River Rive y 


, ver 
Drainage basin minetas 


Acidity in tons per year (to phenol- 
phthalein, hot) 


Original acid load: 


AOGIVD SUR OSS hay 20 UL nes ot neha sdb denen adn Jt see ee 26, 457 228, 896 250, 353 
PR ree BVM LES, 2S 8 a Ra tae aR A nam eg Sp eps rp ee eens cones | ey 6, 760 23. 805 30, 565 
Abandoned mines_--_....-..2..------ PE ES ee PS ae ea 50, 244 73, 988 124, 232 
Total su. 14 83, 461 321, 689 405, 150 
Per square mile__ 8.5 170.0 34.5 
Sealed mines------_-_-- ta 24, 040 20, 270 44, 310 
TamGveds OV segue: ecco, bo hvac geno ance cep eves dye eter ese 18, 750 10, 954 2, 704 
PReSANEIORO (20 ng 2 ee BA a noe bene ooo aed dee eee Rane 64, 711 310, 735 375, 446 
Per BAURTORNO ts a2 a Wee a pee ame bck Cac ah ete be ten o-seecbee 6.6 164. 2 32.0 
AiGitional removal 7d. Aa 2 es ae eo a ee ce 32, 330 132, 630 164, 960 
Putureresidual?...0...00-i\b «ili ae at ars ae UL cea ere” 32, 381 178, 105 210, 486 
Per BAUAreURNOe. 2. boc wec hank oee otha ee ee es owe es 3.3 94.1 17. 


1 Economical to remove in addition by sealing under 1940 restrictions with a cost limitation of $10 per 
ton of acid per year and sealing only in areas not connected to active ventilation systems. 
2 Capable of further reduction (possibly an additional 50 percent) by extended program, 


PRESENTATION OF LABORATORY DATA 


Laboratory results, indicate that the most serious pollution is 
caused by acid mine drainage which affects tributaries throughout 
most of the southern part of the basin and the Allegheny River below 
the mouth of the Kiskiminetas. Industrial wastes discharged to the 
upper Clarion River and untreated sewage and industrial wastes from 
the Pittsburgh area near the mouth of the river also cause serious 
pollution. The greater part of the main stream and most of the 
tributaries not affected by acid were found to be in good sanitary 
condition. 

A summary of laboratory results is shown in table A-7, acid 
results are in table A—7A, and selected data are in tables A—5 and A-5A. 
Observations in the Allegheny River Basin were made by mobile 
laboratory units during the period from August to December 1940. 
In general, observations in the southern part of the basin were more 
extensive than in the northern part. Figures A-3, A—4, A-5, A-5a, 
and A-5b show graphically the coliform, dissolved oxygen, oxygen 
demand, and pH results. Oxygen demand results in the portion of 
the basin south of Mahoning Brick are shown on an enlarged map 
(fig. A-5a) because of the large number of stations and the acid con- 
ditions in this area. These maps show average results at stations 
observed for periods of less than one month and most unfavorable 
monthly averages at stations observed over periods of more than one 
month. Stream flows at the time of sampling were generally repre- 
sentative of normal low-water conditions. ; 


\ 
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TaBLEeE A—5.—Allegheny River Basin: Selected laboratory data 


eeLWen ists 2} 32 00: OSS Ghee Alle- Alle- Alle- Alle- Alle- Alle- Alle- 
: gheny gheny gheny gheny gheny gheny gheny 
1 ATT AT 1 ESE ae a es Above | Below | Above | Below | At Oil | Below | Above 
: : Olean, Olean, | Warren, | Warren,| City | Oil City, | Franklin, 
" N.Y. N. Y. Pa. Pa. Pa. Pa. Pa. 
River miles above mouth of 261 256.5 194 184 5 134.2 132 127 
Allegheny. 
eR, 1040 Se os August | August | Septem- | Septem- | October | October | October 
ber ber 

. Number of samples_----------- 3 3 3 3 3 3 3 
Flow in cubic feet per second: 

, ~ Sampling days.--....- 109 124 658 1, 250 1, 270 1, 350 954 
Water temperature ° C_ 18.8 18.7 16. 2 15.7 12.2 11.5 11.8 
Coliforms per milliliter.________ 7 92 2 86 5 3 61 
Dissolved oxygen, parts per 

C1 Lig lS BS Zag AS a 6.8 4.0 8.5 8.8 10.1 10.1 9.3 
Biochemica] oxygen demand, 
5-day, parts per million__.___ a4 4.5 Ld 204 1.0 1.4 1.2 
ds ee Ae I Maas be Te or rae) 7.4 7.4 7.4 a) 
|) 2 SCE ck fo eee ae. thes ai Aes Aes — Poul 
gheny gheny gheny gheny gheny g my 
Dpedtion= <0. : .agiges sy bois Below Lock Lock Lock Lock Lock Near 


Franklin} No. 8, No. 5, No. 4, No. 8, No. 2, mouth 
Temple- | Freeport | Bracken-| Spring- | Pitts- 
ton ridge dale burgh 


River miles above mouth of | 124.5 52.6 30.4 24.2 17 6.7 17 

Allegheny. 
orion 140s seat. Sra: October | Septem- | Septem- | Septem- | Septem- | Septem- | Septem- 

ber er ber ber ber ber 
oI OOER, ALS LONT: SRR UELIT TS PCIE eae es 8 
Number of samples___________- 3 3 3 3 4 3 2 
Flow in cubic feet per second: f 
Sampling days._.._.__...._-- 1, 502 8, 100 3, 350 3, 760 4, 400 3, 510 3, 240 
ater temperature ° C_______- 11.5 19.3 19.8 19.8 22.5 21.3 20.8 
‘oliforms per milliliter __.____- 39 3.1 37 |. 8 258 357 1, 420 
Dissolved oxygen, parts per 

mailliows. seseneer Ss Pues. Sore? 9.2 8.8 78 8.1 8.4 8.5 3.9 
Biochemical oxygen demand, 

5-day, parts per million. ____- 1.7 1.7 163 ix 9 1.5 4.4 
(SS 65 nn 7.4 7.3 "3 6.3 6.8 6.7 6.8 
AEIVGR: eee oo esl Tunung- | 'Tunung-| Hubert | West Lake | Chada- | Cassa- 

want want Run Run |Chautau-| koin dago 
Creek Creek qua reek 
Location.........-..-.4........ Above | Below | Below | Below | Above | At Fal- | Below 
Bradford|Bradford| Kane | Kane | James- | coner | James- 
town town 
River miles above— 
Confluence with Allegheny.} 10.5 5.5 27 | 31 26 23.5 
Mouth of Allegheny_.......| 254.5 249.5 229 205 223 218 215.5 
PrortoG; 1940! 2. oey oes. August | August | Septem- Septem- Septem- | Septem- | Septem- 
er or r ber 
SORRY ER: ahs erate let — eked PRR hee i once whe I lanai iby re 
Number of samples__._________ 3 3 3 3 3 3 3 
Flow in cubic feet per second: : 

Sampling days_...-_________. 4 33 3 4 liegt oo 265 297 
Water temperature ° C________ 14.2 15.7 13.7 12.0 16.8 16 2 17.0 
Coliforms per milliliter. ________ 16 . 120, 24 197 191 
Dissolved oxygen, parts per 


clap 1 et 0 eee ia aie Se 9.2 2 9.8 
Biochemical oxygen demand, 

5-day, parts per million. .____ a 6.0 69.4 3.4 2.3 2.9 4.2 
pH a4 ; 8.2 : 
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Lis yy eee eS areas Hare | Oil Creek Oil Creek} French | French | Sandy | McGee 
Creek Creek Creek oe Run 
ree. ; 
Lpeatien 2 72. ech oo ecee = d Below Above Below Above Below Below Below 
Corry |Titusville|/Titusville|) Mead- | Mead- | DuBois | Derry 
: ville © ville 
River miles above— 

Confluence with Allegheny- 22 19 15 35 26 73.5 54 
Mouth of Allegheny___..-_- 206 153 149 161.5 152.5 138.5 8&4 
Perinds 10g0 se eel as eg October | October | October | October Senta: October 

r T- 
October 
Number of samples... ._...---- 3 3 3 3 3 3 1 
Flow in cubic feet per second: 

Sampling days... 2... 2S ll 8 10 122 164 19 
Water tem; erature ° C_______- 14.0 11.0 10.8 13.1 13.6 9.5 15.0. 
Coliforms per milliliter....._-_- 38, 200 4 42 5 523 31, 300 24, 000: 
Dissolved oxygen, parts per 

MBN! 22 0S eee eS a2 10.7 10.3 9.5 3.7 6.6 4.2 
Biochemical oxygen demand, 

5-day, parts per million. _.__- 16.6 1.4 1.5 3.3 4.2 7.9 33. 1: 
rh 5 CO SEP ea SE ae awl 198 7.5 7.8 V [40h rR PRR | 28 LES 4 BR 
Reimer Sd ssn) eee Clarion | Clarion | Clarion | Clarion | Clarion Elk Crooked 

Creek Creek 
oestinise = 2240 E oe 32 In John- | Above Below |At Cooks-| At St Below | Reservoir- 
sonburg | Ridgway! Ridgway| burg Foters- St. Marys 
urg 
River miles ahove— 

Confluence with Allegheny - 101 96.5 93 51 4.5 104 8.5 
Mouth of Allegheny___.___- 187 182.5 179 137 90.5 190 49 
Peri 10902 2 as Septem- | Septem- | Septem- | October | October | Septem- | Novem- 

ber- ber- ber- ber- ber 
October | October | October October 
Number of samples. .._....-.-- 6 6 6 5 3 3 1 
Flow in cubic feet per second: 

Sampling dsys...\ =o 60 82 104 219 271 A leg Le a 
Water temyerature ° C___._._-. 19.4 9.5 10.1 11.6 11.3 10.3 9.0 
Coliforms } er milliliter._..._._- 3,910 3, 950 2, 580 32 2 4, 830 2 
Dissolved oxygen, parts per : 

“ret Gi eg eee ee ae Se 5 2.8 3.8 7.4 9.9 6.6 9.7 
Biochemical oxygen demand, 

5-day, parts per million. _____ 190 35.8 40.3 12.1 1.2 40.2 1.3 
pe tere ree tae eee 5 ay} vee | 6.4 2 fai | Ts 6:33 18 
—aaaaoaaeaeaeaeaeaeaeaeaeaeaea=aeaea=a=aQ=Qeaeaaaeaawa ee a aS 0— OO — Sa = 
LSAT AS Vee eS See Serle ae Maho- Stony Little Cone- Loyal- | Loyal- Kiski- 

ning Creek Cone- maugh hanna hanna /} minetas 
Creek * | maugh Creek Creek 
RTE ys ae ea REE p< Below Above Above Below Above Below Near 
Fy Punxsu-| Johns- Johns- Johns- | Latrobe | Latrobe | Mouth 
tawney town town town 
River miles above— ‘ 
onfluence with Allegheny - 53 83.5 83 78 52.5 48 0.8 
Mouth of Allegheny . -___-- 109 113.5 113 108 82.5 78 31 
bid: Ttelad (| ee See OSS RRR a October | July- July- July- | October | October | Septem- 
: , August | August | August ber 
Number of samples... 3 3 3 3 1 1 3 
Flow in cubic feet per second: 

Sampling dayscs.--e 5225. 2k 41 248 | « 62 460 14 15 690 
Water temperature ° C________ 10.5 20.8 23.5 29.3 15.0 15.0 19.5 
Coliforms per milliliter________- 8 37 1 39 (1) () () 
Dissolved oxygen, parts per 

mnitlidm: iti. Lites Bete: ie 11.1 7.8 7.0 4.6 9.1 18 7.6 
Biochemical oxygen demand, ‘ 

5-day, parts per million -____- 14 1.0 -6 3.6 *p 3.1 1.3 
Biochemical oxygen demand, 

5-day, parts per million 

Soao kalo and seeded) ____- 1.6 .6 *) 2.0 A 13 re 
tT ee Se eeliter > Sa, Sees, 6.0 3.0 2.8 4.1 4.5 331 2.9 

1 Less than one. 
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TABLE A-5A.— Allegheny River Basin: Selected laboratory chemical data 


thos, a eae OSA eG SO MLES 8 Alle- Alle- Alle- Kiski- | Loyal- | Crabtree| Cone- 


gheny gheny gheny | minetas | hanna Creek maugh 
River River River 
ARCALION 2. sce (gos eel Mouth, | Lock Lock Mouth | Mouth | Mouth | Mouth 
- Pitts- and and 
burgh Dam Dam 
: No. 3 No. 4 
River miles above: : 
Confluence with Allegheny_|__.....-..|_---------]-..-----.- 1 28 42 28 
Mouth of,Allegheny___.___- 127 17 24.2 31 58 72 58 
Period 1040.2. -<2-s20sce2-05~ Oct.9 | Oct. 21 | October | October | Oct. 14 | Oct. 29 | Oct. 14 
Number of samples____----___- 1 1 a 5 1 1 1 
Flow in cubic feet per second: 
Sampling days_-----.-.._-. 2, 760 2, 750 2, 560 419 36 13 275 
SeeerLIpniereteVicg eG ihre oe Mh: OV eh bie ee ep Soe ee t 90 169} 22-02-22 S| Ses eS 
File) GaSe IS eR R ii eles Bae 4.7 5.7 5.6 2.9 BGR TEE 2.8 
Acidity, parts pe million: 
Gunmiured: toc veces 4 3 5 200 494 1, 910 176 
Phenolphthalein (hot) ...-- 10 10 13 282 608 2, 930 242 
Iron, total parts per million... 2.4 oh 7.6 9.8 79 494 26 


oo 
oo onan» —=@wmoreaewaawaj]a]q»_O0BawwqusaawawoaS80awqwawa_— OT OOO 920958 


V0 NCE See Oia te Blacklick| Blacklick] Stony | Cowan- | Mahon- | Clarion | Toby 
Creek | Creek | Creek |shannock} ing Creek 
Creek Creek 
Ue ale) ot oe A a Below | South | Johns- |_______.-- Punxsu- | Portland | Portland 
Blacklick} Branch | town tawney | Mills Mills 
Mouth 
River miles above: 
Confiuence with Allegheny.| 51 76 79.5 11.5 52.8 86.9 85.9 
Mouth of Allegheny.__..-.- 81 106 109.5 60 109 173 172. 
Perend, 1040. fh ol cn Oct.14 | August | July | Oct. 24 | Oct.2 | Oct.9 | Oct.9 
Number of samples_--_-------- 1 2 2 1 1 I 1 
Flow in cubic feet per second: 
Sampling days. -.._.......- 40 16 430 2 36 135 26 
Wh holla. Cintas ata y «i etm Geen [OE CORR aa Be ene Pa bt Fey momen Mies a re S| eae 
[02 Ga ie Og pad ius 2.4 2.6 3.0 2.9 5.2 4.7 3.0 
Acidity, parts per million: f 
Methyl red. 2-2-2. 2220 612 1811 78 DAS" ope baer 32 244 
Phenolphthalein (hot) ____- 788 | 11,047 114 398 34 56 284 
Tron, total parts per million___- 98 222 66 75 4 4 6 


11 sample. 


Bacteriological data indicate the effect of acid in reducing coliform 
densities. Approximately one-third of the sampling stations were on 
acid streams and 92 percent of these stations had average coliform 
counts of less than 50 per milliliter. Less than 3 percent showed 
counts greater than 200 per milliliter. On the normal streams only 57 
percent of the stations averaged less‘than 50 coliform organisms per 
milliliter and 24 percent averaged more than 200 per milliliter. Data 
in table A-7 on the lower Allegheny, which was affected by acid during 
part of the sampling period, also indicate the effect of acid on coliform 
counts. 

Kighty-two percent of the stations on normal streams and 85 percent 
of those on acid streams showed average dissolved oxygen contents of 
more than 6.5 parts per million. About 11 percent of the normal 
stream stations and 5 percent of the acid stations had average dis- 
solved oxygen contents of less than 5.0 parts per million. Zero dis- 
solved oxygen was not found consistently at any station although it 
was approached below Corry, Johnsonburg, Kane, Bradford, an 
Latrobe. Relatively low temperatures prevailed during much of the 
sampling period, so the dissolved oxygen results show more favorable 
conditions than would have been found during the warmer months. 
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Because of the effect of acid on normal biochemical oxidation, the 
biochemical oxygen demand tests on acid stream samples were carried 
out in duplicate; one portion being incubated in the acid state as 
collected and the other being incubated after neutralization with 
sodium hydroxide and seeding with filtered sewage. In general, the 
results of the two portions were either of the same order of magnitude 
or the acid portion showed a higher biochemical oxygen demand than 
the neutralized portion. 

Approximately 75 percent of the stations on both normal and acid 
streams had average oxygen demands of less than 3.0 parts per million. 
About 15 percent of the stations on normal streams and 5 percent of 
those on acid streams showed average demands over 5.0 parts per 
million. The worst conditions were found on tributaries below Kane, 
St. Marys, Johnsonburg, DuBois, Derry, and Ridgway. 

Considerable self-purification was indicated by laboratory results 
on the normal tributaries. Most of these streams were in good 
sanitary condition at their confluence with the Allegheny River. 

Biological summary.—The plankton population of the Allegheny 
was found to be around 2,000 parts per million, and the stream sup- 
ports a good fish population. The Kiskiminetas was too acid to sup- 
port fish life or much plankton. The Clarion River, contaminated by 
industrial wastes, contained a good plankton and fish population but 
the fish are said to be unsuitable for food due to the taste of the flesh. 


Hyprometric Data 


Kighteen stream’ gaging stations are now in operation’ in the Alle- 
gheny River Basin. Several of the stations have records of 30 years 
ormore. Table A-6 shows mean monthly flows at 16 stations during 
the dryest summers of record. Figure A-6 indicates the frequency 
with which minimum monthly mean summer flows have occurred at 
2 stations with long records. 


Minimum monthly mean summer flows in cubi¢ 
feet per second that may be expected once in— 
Station 


2 years 5 years 10 years | Minimum 


Allegheny River at Kittanning, Pa_.......--.--......-- 2, 200 1, 450 1, 200 930 
Kiskiminetas River at Avonmore, Pa.....--.-.-.-.-.-- 550 320 230 90 
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TasiE A-6.—Allegheny River Basin: Monthly mean summer flows for years in which 
lowest summer flows have occurred 


A oa (1 ar, ellen whee? Gots F Bae Allegheny Allegheny Allegheny Allegheny Chadakoin 
Tocahions St ioe co ae be Stecce. Larabee, Red House, | Franklin, | Kittanning, | Falconer, 
Pa. Ne Xe Pa. Pe, N.Y. 
River miles above: 
Canfiuanee: with; A loghen y23)- 22.53 5. Jose Fe ee a: hs eee 25 
Mouth of Allegheny -.--.--- 276 227 126 46 217 
Drainage area __-.square miles_- 541 1,690 5,982 9,010 194 
Periodithrecord . = o20 Sec b- << 1925-39 1903-39 1918-39 1904-28 1935-39 
Rg) aes See ert Se 1930 1932 1930 1909 1936 
June__cubic feet per second... 265 809 3, 030 12,014 54 
cipro i gebapap yang ide Be ai cols pee 64 553 1, 140 3, 234 38 
ATIC USh Site te fie! dO: 235 21 178 414 1, 421 32 
September ..--...-..-- (3 Co anes 24 118 435 934 23 
ge RE Aer ee ok YS 1932 1930 1932 1908 1939 
June _cubic feet per second__ 304 1,030 2, 510 2, 522 35 
L et be pene eth eer aeeeh eter Fe do: 2. 122 337 , O80 9, 105 42 
Aust ie este do__.- 35 119 754 2, 743 46 
September -..-..--.--- doy k. 23 122 531 996 29 
Got ics ee See | ee Se 1934 1934 1934 1923 1935 
“ June _cubic feet per second_. 99 299 1, 106 3, 640 119 
Bi fA fede Sa a OL nas 34 150 555 1, 600 124 
August.__- 2300. nae 45 144 639 1, 400 199 
September -- 2002 cae 83 233 821 1, 190 43 
MAVER se) deat ote eta! Brokenstraw| Oil Creek | French Creek} Clarion Redbank 
Creek ; Creek 
Hecationmiaed 6h es aes ae Youngsville, | Rouseville, Saegers- Piney, Pa. | St. Charles, 
a. Pa. town, Pa. ; Pa. 
River miles above: 
Confluence with Allegheny_. 4 3 36 26 15 
Mouth of Allegheny_.---.--- 188 137 163 112 80 
Drainage area. ___- square miles_- 304 300 629 980 528 
Period of record... ....----- eee 1909-39 1909-39 ' 1921-39 1924-39 1909-39 
NtGHt sia ee 5 Pot Pe eas 1934 | 1930 1934 1925 1918 
June_.cubic feet per second. 62 130 85 601 ~1, 234 
Jitlyce. ok eae dao-2.2 38 71 48 559 122 
APUSG coe eee rot aaa 32 31 39 178 15 
September 2s 2us222..- do2tzz 32 34 36 81 37 
Peat Ato howe. 1936 | +1984 1930 | 1930 1930 
June_ cubic teet_per second-- 149 75 71 176 
empha eS see iets he 59 38 tis 245 265 
MURUS ceo be ee do__-- 37 39 41 88 34 
Sepwmberss ak 2 Li eau 32 34 70 87 46 
Sibiinvts aludeuduce Sei scakaloeed 1930 gee, yt.) agse 1932 
June_.cubic feet per second... 313 117 136 432 247 
eiges Sau bE 2 oS do... 57 112 79 431 310 
mata eesti Rate as ee dons 50 45 60 118 94 
September ____-.------ dae 32 35 48 88 45 


1 From 1909 to 1931 station located 2 miles downstream, drainage area, 330 square miles. 
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Taste A-6.—Allegheny River Basin: Monthly means summer flows for years in 
which lowest summer flows have occurred—Continued 


Deiat scat fc 2 a, al Mahoning Crooked Ston Loyalhanna | Kiskiminu- 
reek Creek Cree Creek etas 
ROCHON tras ae ten Late Dayton, Pa.| Ford City, | Johnstown, | New Alex- | Avonmore, 
Pa. Pa. andria, Pa: Pa. 
River miles above: 
Confluence with Allegheny-. 28 5 81 40 22 
Mouth of Allegheny ____.--_- 84 46 111 7 52 
Drainage area __._square miles_- 321 280 467 65 1,723 
jPeriod: oF record... <--. A. cb 1916-39 1909-39 1914-85 1919-39 1907-37 
USSR oy ROE Se eee 1930 1930 | 1922 1932 1908 
June_.cubic feet per second_- 113 91 210 80 1, 134 
Fj | Ae SRS Salea be dob v4 54 20 170 43 608 
PRIDTISO: Tet coe es OOLe. 18 2.7 62 26 358 
Pepremioen. o-2---< _ + doies: 23 4.0 30 16 90 
Wt Oe ade G hie an kina cae os) 1939 | 1932 1925 1939 1910 
June__cubic feet per second _- 194 45 221 122 2, 825 
UY nui E BE aot 0... 171 72 232 127 697 
Pg TE) ARE «on Sa 70 Ch 56 8.3 90 33 192 
September.____....._- Gove: 27 3. 2 32 22 693 
itete se 22.” MS tS). 1925 1925 | 1914 1930 1909 
June__cubic feet per second _- 137 32 446 489 2, 494 
ae ald 157 153 30 50 431 
PAI Bie ees oe a, do... 70 26 66 24 397 
September-____....... cs po 29 6.3 34 37 217 


Flow regulation.—The following reservoirs in the Allegheny River 
Basin are a part of the authorized program for flood control primarily 
for the protection of Pittsburgh. Each of the reservoirs is named for 


the stream on which it is located. 


Reservoir 


Mrgemed Moree. eee fk oh ee Oe ee 
' Tionesta 


Alleghen 
Red Ban 


Mile! 


Status 


i Completed_._. 


Petia a te oO 
ap MOSH se 
62a ws d0tr et 
65 | Proposed______ 
DOE aersas OOszdsecs2 
hy Rigen DOs. are 
LiL fosawe GOs 2. Ksek 


Net capacity 


Flow available 


with regulation? 
Cubie feet per 
second 
97 
188 
107 
146 
2) 
1, 927 
226 
230 


1 Location of dam in river miles above mouth of Allegheny River. ‘ 
2 Maximum dependable flow at dam site during drought period July to November 1930 under one possible 
plan of reservoir operation. With the exception of the Allegheny River reservoir, present plans contemplate 


operations for flood control only. 
3 Natural flow. 


Studies in progress indicate the desirability of substituting a system 
of small reservoirs for the large French Creek Reservoir. 


projects receivin 


Among the 


consideration in this connection are reservoirs on 


Sugar Creek (mile 138%), Lake Creek (mile 140?) and Sandy Creek 


(mile 134 ?), 


The first two are tributaries of French Creek, the last 


isa tributary of the Allegheny about 10 miles downstream from French 
Creek. Studies have indicated the economic feasibility of a multiple- 
purpose reservoir project on the Clarion River at the Mill Creek site, 


121 river miles above Pittsburgh, 


Pa. 


The flows shown in the above 


table are those which could be maintained below the dam sites during 
the period July to November 1930 the lowest flow period of record at 


4 Location of dam in river miles above mouth of Allegheny River. 
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Pittsburgh, by using a portion of the flood control storage for flow 
regulation after the end of the flood season, except in the cases of the 
Conemaugh River and Allegheny River Reservoirs. At the Cone- 
maugh River site the storage cpnones would be limited by physical 
considerations so that it is undesirable to use any of it for low-flow 
regulation even during the normally dry season. At the Allegheny 
River site ample storage capacity would be available and it is proposed 
to provide 195,000 acre-feet of storage expressly for low-flow regula- 
tion in addition to capacity which would be available seasonally as 
an incidental feature of flood-control operations. 

In addition to these large projects a smaller one has been studied by 
the United States Engineer Department primarily for local protection 
at Jamestown, N. Y. The project involves improvements to the 
channel of the Chadakoin River (the outlet of Lake Chautauqua) 
and a better scheme of operation of the existing dam which regulates 
the outflow from Lake Chautauqua. The proposed operating scheme 
would limit the outflow to about 5 cubic feet per second during the 
summer months. 


Discussion 


The major pollution problems in the Allegheny River Basin are: 
(1) control of acid mine drainage; (2) abatement of industrial wastes, 
particularly in the Clarion Basin; and (3) treatment of domestic 
sewage, particularly in the vicinity of Pittsburgh. In addition, there 
are a number of other problems of a more local nature. 

Control of acidity can best be accomplished by a program of 
mine sealing supplemented by flow regulation. This matter is 
more fully discussed in a separate section of this report on “Acid 
Mine Drainage.” It is estimated that reservoir capacity of at least 
210,000 acre-feet in this basin will be required for low-flow regulation. 
Of this, a portion could be made available at the four reservoirs al- 
ready completed. The entire amount could also be provided in the 
proposed Allegheny River reservoir where the water quality would 
be good. One of the completed reservoirs, Loyalhanna Creek, is on 
a stream so heavily polluted with acid mine drainage that low-flow. 
regulation by it might have a deleterious effect on the water quality 
of the Allegheny River. Although Mahoning Creek and Crooked 
Creek, on which two of the other completed reservoirs are located, 
also receive some acid mine drainage, they are less acid than Loyal- 
hanna Creek and low-flow regulation by these two reservoirs would 
be beneficial. . 

Pittsburgh. and vicinity—More than 400,000 people discharge un- 
treated sewage to the Allegheny River in the lower 30 miles below the 
mouth of the Kiskiminetas. Industrial wastes add a population 
equivalent of about 280,000. Most of this pollution enters the lower 
eight miles below the nine public water supply intakes on the Allegheny, 
but sewage from about 80,000 people enters the stream above the 
intakes of the two largest water supplies in the basin. Primary | 
treatment and chlorination of all municipal sewage in this area seems 
Justified. All or most of the wastes entering the lower eight miles of 
the Allegheny probably could be most economically treated, with 
betas from other parts of Pittsburgh, at a large plant on the Ohio 

iver. 


322 OHIO RIVER POLLUTION CONTROL 


The problem of the city of Pittsburgh is discussed and: cost esti- 
mates are included in the report on the main Ohio River. 

Kiskiminetas River—This stream is the most highly acid large 

stream in the entire Ohio River Basin. While great improvement is. 
possible, a comprehensive program of mine sealing could probably not 
restore it nor many of its tributaries to an alkaline condition until 
concentrated active mining moves, at least in part, to other areas. 
Sewage from about 185,000 people and industrial wastes equivalent in 
oxygen demand to sewage from an additional 95,000 enter the streams 
in this area. The largest city is Johnstown, located at the junction 
of the Little Conemaugh River and Stony Creek, about 70 miles 
above the mouth of the Kiskiminetas. Almost all of the industrial 
waste load and about 45 percent of the sewage enters the streams in 
Johnstown and vicinity. Justification of organic pollution abatement 
at most of the communities on highly acid streams is doubtful in 
the absence of effective acid control and, in general, the present need 
for sewage treatment at such places is not urgent. The immediate 
need is for a program to reduce the acidity of the streams. In con- 
junction with such a program, in some instances primary, and in other 
instances secondary treatment of sewage and organic industrial wastes 
will be necessary depending on the particular situation and on the 
degree of acid reduction attained. At Derry, located on a small stream 
not affected by acid, secondary treatment is indicated. 

Allegheny River above Kiskiminetas—This section of the Allegheny 
River is relatively clean and always alkaline. The largest cities on. 
the stream are Olean, N. Y., and Oil City, Warren, and Franklin, Pa. 
Olean and Franklin have recently completed primary sewage treat- 
ment plants and the remaining large communities have taken steps 
toward treatment. Warren, Oil City, Ford City, and Kittanning, Pa., 
are building or have completed interceptors and a number of smaller 

-municipalities have made similar progress. 

Laboratory data indicate the need for more complete treatment at 
Olean if the stream is to be maintained in good condition at all times. 
At Coudersport, Pa., near the source of the Allegheny, secondary 
treatment is indicated. Primary treatment of sewage and organic 
industrial wastes should be adequate at other sources of pollution on 
this stretch of the Allegheny. 

Olarion River.— This stream and its tributaries recelve wastes with 
a population equivalent of 147,000, of which more than 80 percent is 
from a pulp and paper mili and several tanneries located in the upper 
part of the drainage area. In the past, downstream water plants on 
the Allegheny have experienced taste, odor, and color troubles, ap- 
parently due to these industrial wastes, at times when a rapid draw-down 
at Piney Reservoir coincided with a low-flow period on the Allegheny. 
An understanding with the power company which operates the Piney 
project, regarding rapid release of water, together with improvements 
in waste disposal methods at the industrial plants, have improved 
conditions at downstream water plants in recent years. 

The Clarion River itself is still grossly polluted, however. Local 
oxygen depletion is common during the warm months as far down- 
stream as Piney Dam. Although the stream was found to have a 
good plankton and fish population at the time of the laboratory survey, 
ne Bah are said to be inedible because of the obnoxious taste of the 

esh. 


OHIO RIVER POLLUTION CONTROL — 3823 


All of the industries have taken steps to reduce pollution and the 
pulp and paper plant has spent large sums on treatment of its wastes. 
Continued intensive research leading to the development of better 
methods of disposal is not only amply justified but essential if the 
Clarion River is to be restored. 

From the standpoirt of its effect on the-:quality of the water in the 
Allegheny, the proposed flood-control and power project on the 
Clarion, which has been studied by the United States Engineer De- 
partment, does not seem desirable as an initial development. Al- 
though low-flow regulation by the reservoir would be valuable for 
neutralization of acidity in the lower Allegheny and upper Ohio 
_ Rivers, the possible deleterious effects of the polluted water at times 
of low flow in the Allegheny would more than outweigh the beneficial 
effects. Further reduction in the pollution of the Clarion River and 
low-flow regulation by other reservoirs which would reduce the pro- 
portion of the Allegbeny flow contributed by the Clarion would make 
the proposed reservoir more desirable. 

Other tributaries—Most of these streams are relatively clean. 
Mahoning Creek, Crooked Creek, and Cowanshannock Creek are 
affected by acid mine drainage. Considerable progress has been made 
toward pollution abatement in streams not affected by acid. A pro- 
gram for the treatment of all wastes discharged to French Creek and 
its tributaries is nearing completion. Serious local nuisances still 
occur below Bradford, Corry, Du Bois, Kane, and a few other com- 
munities. Secondary treatment is indicated at these places. Primary 
treatment should be sufficient at a number of other communities where 
pollution is less severe. 

At Jamestown and Falconer, N. Y., the Chadakoin River and 
Cassadago Creek are rather heavily polluted by textile wastes and 
municipal sewage. The cities have constructed primary treatment 
plants but most of the industrial wastes are discharged directly to the 
Chadakoin River. Either secondary waste treatment or low-flow 
regulation from storage in Lake Chautauqua is indicated to improve 
conditions. VEG 

Cost.—Estimates of the cost of existing sewage-treatment facilities 
ie of a suggested pollution-abatement program are shown in table 

Lk: 
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MONONGAHELA RIVER BASIN 
SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Monongahela River drains about 7,380 square miles in Pennsyl- 
vania, West Virginia, and a small section of Maryland. The area is 
rugged and includes a number of large cities and an important coal 
mining industry. The main stream is extensively used for navigation. 
Flood-control reservoirs on Tygart (operated since 1938) and Youghio- 
gheny (under construction) Rivers are used also to increase minimum 
flows. The distinguishing characteristic of this basin is the high 
acidity of the streams due to coal mine drainage. Almost half of the 
basin’s total organic pollution load enters in the lower 15.6 miles. 
Surface water is used as a source of all major water supplies. The high 
acidity of the stream has served as a deterrent to the abatement of 
organic and bacterial pollution and the amount of sewage treated is 
negligible. With sewage treatment and no acid control, the streams 
would be suitable for only limited use. , Damage caused by mine drain- 
age is substantial and the demonstrated success of acid control at the 
mine by sealing has indicated a promising line of attack. Flow regu- 
lation is a valuable supplementary control measure. A mine sealing— 
flow regulation acid control program for the area above the Ohio-West 
Virginia-Pennsylvania line is summarized in the acid mine drainage 
section of the report. 


CONCLUSIONS 


(1) Of 153 water supplies, 98, including all of the larger supplies, 
are from surface sources. Acidity from coal mine drainage presents 
corrosion and water treatment problems at the major supplies. 

(2) Sewage from 862,000 people, industrial waste equal to the 
sewage from an additional 426,000 people and 646,000 tons of mine 
acid per year or about 1,770 tons per day enter the streams of the 
basin. Of the combined organic pollution load, 49 percent enters the 
stream in the lower 15.6 miles below the Youghiogheny River. 
Municipal sewage treatment reduces the total pollution load from 
1,288,500 to 1,254,700, about 2.6 percent. . . 

(3) Laboratory data indicate that the major ie oag Is one of 
acid mine drainage rather than one of organic pollution, However, 
at the time of sampling, organic pollution appeared to be a factor 
at Clarksburg and Weston, W. Va., and Mt. Pleasant, Waynesburg, 
Jeannette (industrial waste) and Greensburg (one outlet), Pa. 

(4) The original acid load from mine drainage is estimated at 
920,000 tons per year (to phenolphthalein hot) of which 274,000 tons 
per year or nearly 30 percent has been removed by sealing, leaving 
646,000 tons per year. The acid concentration of 87.5 tons per 
square mile per year in this basin is greater than in any other major 
Ohio River tributary basin. ‘ 
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_ (5) A program for acid reduction involving mine sealing sup- 
plemented by flow regulation is outlined in the section of the report 
on Acid Mine Drainage. Expenditures to date for mine sealing in 
this basin are estimated at $1,820,000. The next step in the mine 
sealing program is completion of sealing of mining areas not con- 
nected to active ventilation systems at mines where sealing costs will 
not exceed $10 per ton of acid sealed per year. Estimated costs of 
this program total $1,600,000. 

(6) Acid conditions can be further improved and mine sealing 
supplemented by flow regulation from a storage of 370,000 acre-feet 
in the Monongahela Basin. : 

(7) The free acid from waste pickle liquor from the steel industry 
exclusive of acid iron salts totals 28 tons per day or only 1.6 percent 
of the mine acid load. Iron salts increase the acid effect to some 
extent. Cost estimates include part-time treatment of these wastes 
and this expenditure will be justified after success is attained in 
reducing mine acid. 

(8) The problem of municipal sewage treatment at Pittsburgh is 
discussed in the section of the report on the main Ohio River. Low- 
flow regulation from reservoirs in the Monongahela River Basin will 
be of value in reducing treatment costs, notably at Pittsburgh and 
Cincinnati. 

(9) Justification for treatment and the degree of treatment of 
sewage and organic industrial waste in many cases is dependent 
upon the status of mine acid reduction measures. The situation 
varies with the degree of acidity of the stream and the amount of 
organic pollution discharged. At some places the need for waste 
treatment is urgent and at others the first expenditures of publie 
funds can be made to best advantage toward furthering the acid 
reduction program. In general, cost estimates apply to a compre- 
hensive program that will be justified in parallel with extensive acid 
control measures. ; 

(10) In conjunction with an effective acid control program, pri- 
mary treatment is indicated at the cities along the Monongahela 
River to improve conditions at the sewer outfalls by eliminating 
floating matter and preventing sludge deposits, and to protect the 
many downstream public water supplies. In some instances the 
need is urgent regardless of acid control. ere ak 

(11) At Elkins, Clarksburg, and Weston, W. Va., acidity is low 
and secondary treatment appears justified regardless of the status 
of an acid control program. At Greensburg, Uniontown, and a 
number of additional smaller communities on highly acid streams, 
secondary treatment will ultimately be required but primary treat- 
ment, now installed at Uniontown, is all that is justified in the absence 
of acid control. : 

(12) Cost estimates of remedial measures, exclusive of mine sealing 
and reservoir construction and exclusive of the Pittsburgh district 
are given in table Mo-1. These costs are based on treatment justi- 
fied with a parallel program of acid control. Lack of an acid control 
program will greatly limit possible stream restoration. Table Mo-1 
is summarized as follows: 
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Treatment Capital cost Annual cost 
Wxisting _.J---ltw dist 72 Ls) petit Sa Biaaes aaeec 5 Rie ON hee et Reeaey taee $1, 500, 000 $115, 000 
Sucwestan aegtiOR als ot eee oe hc ectidanteen di benenal Ra dieiednse 18, 250, 000 1, 455, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin, are: 


Treatment Capital cost | Annual cost 
Primary; iil places /1<2s22s<25: Secesdeccdacscccudesbtscytcsccsssecsewect $12, 710, 000 $1, 385, 000 
SOGONGEl sy, fit DINGS a2. Joon ant abbas ad anocensapeses Ge enobcocaneewease 15, 950, 000 1, 785, 000 


Taste Mo—1.—Monongahela River Basin: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of : Annual charges 
plants 
Popula- 
tion con: Capital in 5 
Sri | ian PROC IOS 00] VSERIONS TA sortie |e 
mary |ondary| S°Wes tion and peed si Total 
interest tenance 
Existing sewage treatment... 13 7 66, 100 | $1, 500, 000 $90,000 | $25,000 | $115,000 
SS. oS  S_E=E=E———SE| EOS ES. aS OE a 
Suggested minimum correction: 
Sewage treatment plants_-_ 66 16 | 776,200 | 6,270,000 440,000 | 270,000 710, 000 
Required interceptors-_.--.- TO~ 3st eso? 5, 870, 000 210; 000-452 aes3257 275, 000 
Andepenapnr industrial.-: ==} oss ssco) ee eae 1, 110, 000 150,000 | 320,000 470, 000 
Waste correction......-.-.-|.-...-.- | ma SARS soa neon et ee ecmed 1G So ame a ane eee 
Ee: | ERS SIRE ets E ESF ad Sea (ae eee ay Fat Sac Sh Se 18, 250, 000 865,000 | 590,000 | 1,455,000 
Comparative cost: 
Primary treatment, all 
bh Le Se POS ey RE REO PORE Re, A Ae! get Ane pg 12, 710, 000 830,000 | 555,000 | 1, 385, 000 
Secondary treatment, all 
WON esse iss. 8 oS eee ee 15, 950,000 | 1,055,000 | 780,000 | 1,785, 000 
Ag HIGGRELEOs 022-23 bb) eet sae Roe 13, 250, 000 865,000 | 590,000 | 1, 455, 000 


Norer.—Costs shown above do not include the cost of interceptors or treatment works for the city of Pitts- 
burgh or its suburbs whose wastes would probably be treated at a plant along the Ohio River, 


DerscrIPTION 


The Monongahela River originates in northern West Virginia at the 
confluence of the Tygart and West Fork Rivers, and flows in a north- 
erly direction to Pittsburgh, Pa., where it joins the Allegheny River to 
form the Ohio River. The drainage basin comprises a total of 7,380 
square miles, of which 57 percent is in West Virginia, 38 percent is in 
Pennsylvania, and 5 percent is in Maryland. The basin lies entirely 
in the Appalachian Plateau region and is characterized by rugged 
topogray hy with narrow stream valleys several hundred feet below the 
level of the uplands. Most of the cities are in the valleys. Popula- 
tions exclusive of Pittsburgh proper but including the Monongahela 
Basin portion of Allegheny County are as follows: i 
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Populations, 1940 
Urban Rural | Total 
State: 
VCE) aig Oat Fee ea ie Oo ee A SP eee ee me Se es Se 107, 154 241, 028 348, 182 
PORUSY VAD sas Bc 3 chen ts ccoe gh aba dasdadepe nee eaiey sac 477, 977 423, 869 901, 846 
WAREVIOHG? es. aie fa Bats eee see qd onee aw optaseseneeteeeeas 0 14, 646 14, 646 


Populations 


1910 1920 1930 1940 


Larger cities: 


GUAERBDEIE AW. io Vile ic dkoccavaccdcedsvewuwen.seuewieee ten 9, 201 27. 869 28, 866 30, 579 
ER, A PRL ER IN ES AMES TELAT TO 9,711] 17,851} 23,159 23, 105 
POWOUCHUG LE Neon ota xa nce daet tek eee a eo 15, 727 19, 011 21, 396 20, 693 
fitiseesporuy bs else: SM oe Tae Lk, VS ee ees 42, 694 46, 781 54, 632 55, 355 
Wydikinshorg ha. 2 )e nr yc tok see eee ae 18, 924 24, 403 29, 639 29, 853 
Uniontown, Pa 18, 344 15, 692 19, 544 21, 819 
MUORSEH GER. he he te ee 11, 775 18, 179 , 268 i 
LET CL tle |: a aan il a DO ers Pane eked SEN (1) 1) 
Wrimietipe Merck. os. ok ee ck cb ae wensguatenabece 346,843 | 479,903 | 578, 209 585, 131 
etibnlese Ate tlste ea ll A keoenetaseaeee 564,933 | 614,437 | 646, 575 679, 543 
WOM secs bavedsseanceceseasceadaesedees Leet sl pit eenaaan= 911, 776 |1, 094,340 |1, 224,784 | 1, 264, 674 
ER a 
Ri Drainage 
ver area 
Major tributaries mile (square 
les) 
paventoebens VOR is i eek re a SS tes pesenbtersonnle ge kil da 5.6 1, 768 
RR CECEL ICR Ok 1 an ee Oe en a ee eadbaneneae Rina scat eee 89.1 1, 424 
Mer tt IVOla Nei ot aaa oes. boo oe oes Staten oon scacn ee aoeserdpemadcsedocceshd 128.1 1, 369 
SC ALUY SRS) RR Ee ae I SS ee APE pe Ss = re ee Fe et eee 128.1 882 


1 Not included. 


Resources.—Natural resources of the basin consist of tillable land, 
coal deposits, and water power. 

Industries —Most important of the industries is the mining of coal, 
followed by the production of steel. Other industries include breweries 
distilleries, meat and dairy plants, and chemical works. 

Water uses.—The Monongahela is canalized for its entire length by 
14 low-lift locks and dams which provide navigable depths of 8 feet 
throughout the lower 90 miles and 7 feet for the remaining 38 miles. 
This river is one of the most intensively used inland waterways in the 
world. Three artificial reservoirs are intensively used. for recreation 
as are many clean streams in the eastern part of the basin. Two large 
hydroelectric projects, on tributary streams, have been constructed 
by private interests. 


PRESENTATION OF FIELD Data 


Figure Mo-2 shows graphically the main stream and tributaries, 
waterworks intakes, dams, all major sources of organic pollution, their 
magnitude and reduction by present treatment, and other pertinent 
information. This figure does not show pollution of inorganic origin 


OHIO RIVER POLLUTION CONTROL 363 


such as acid mine drainage, pickle liquor, or chemical wastes. Se- 
lected laboratory data on the main Monongahela and West Fork 
Rivers also are shown. 

Public water supplies.—Of 153 public water supplies, 5 are in Mary- 
land, 90 in Pennsylvania, and 58 in West Virginia. Table Mo—2 shows 
a total of 98 surface supplies serving 811,200 persons, 37 in Pennsyl- 
vania and 20 in West Virginia from streams below community sewer 
outfalls. There are 55 ground-water supplies serving 67,000 persons, 
indicating that surface sources are used as major supplies. The 
acidity of surface waters presents unusual problems in treatment and 
corrosiveness. On the main stream 20 surface supplies have an aver- 
age pH of 4.0 to 5.0 in the raw water. 


Taste Mo-2.—Monongahela River Basin: Surface water supplies 


Consump- 
Treat- Popula- tion, 


State Source Mile ! tion million 
ment? | served | gallons 


Supply per day 


Supplies below community sewer outfalls 


— Pittsburgh Water| Pennsylvania_..| Monongahela River. 4.0 | LD.....-} 250,000 18.00 
0. 
Prmadock ce... . celeste do-_._-- Parse rv res dosesiesidau 10.5. | LBs.-- 18, 300 1.30 
McKeesport ...:.......|----- x) | A ne teed Monongahela and 16.6) LDsi 53 64, 000 6.00 
Youghiogheny 
Rivers. 
Sivraheth. seet 22 228 —_. as. doce. 6. f2 Monongahela River.| 23.0 | FD_---- 30, 000 2.60 
Charleroi steers | s- ==. AD eos ae | ee 3 0 eres eh Sane i RL 2 Bs 40, 000 1.51 
Trotter Water Co. “‘C’’_|____- (Owe ca Ue” eee pe > ae G05. te See mg oe Mal he Se 15, 000 1.60 
Morgantown._......---- West Virginia_-_- St ousnge nals im- | 103.0] FZD__--| 30,000 1.25 
pounded. 
Unientowns:) 0. J. Pennsylvania_..| Youghiogheny and 61.5 | FD _....-| 30,000 1.60 
impounded. 
Trotter Water Co. ‘‘A’’_|__.-- 16-268. 29. t. Youghiogheny - ----- 62.0.1] FP Ds 2. 12, 000 2.00 
Connellsville._.........-|-.--- 06.3023. <i Sougowesy and 02,1.) PDs... 16, 000 2.00 
creeks. 
Fairmont. 4:3 -.- 4... West Virginia__.| Tygart River_-_-.---- 128.4 | FD......| 30,000 2. 29 
Gratton. 2 rok Ge.oeg.5' 1-1 oer Ob.5 =. sats er 150.0 | FD-_..-- 4,000 1.50 
Ea ee ee a [ee d0.4:2.2..-1- |): 008: Ce | Bee 210.0. | FD... .- 8, 500 1.14 
@larksburgia * = ~~). -. |] os. 3 det} ol West Fork River---.| 160.0 | FZD-_.--| 35,000 2. 90 
28 smaller supplies__-__-- Pennsylvania_.-| Various--.----------|-------- Various_| 81,000 3. 46 
15 pee thread = Saat West Virginia_-_|____. db. s32t5 Ne ee ela 3: oe 20, 800 1.23 
otal: 
Pep MIO Wer mantel. 2k AS 8S a ae ieee sane 684, 300 50. 38 
RMD iiades 3S crease CeCee Oe oi bated eneeeteanedaaaneaGecesaacecdcasoe 126, 900 9.04 
BolAVienonee WALGL- SUD DIONES Sette oo a Anke ba cer henna piedee bene cew see 811, 200 59. 42 


1 Miles above mouth of Monongahela River. : 
2 F=Coagulated, settled, filtered; L=Lime-soda softened; Z= Zeolite softened; D=Chlorinated. 


Sewerage.—Of the 145 sewered communities in the basin, 13 have 
primary and 7 secondary treatment for their domestic sewage. Treat- 
ment serves only about 8 percent of the total sewered population and 
reduces the total organic pollution load about 2.6 percent. Table 
Mo-3 summarizes the sources of significant organic pollution including 
industrial wastes expressed as equivalent sewered population. 
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Taste Mo-3.—M sanlaulons River Basin: Sources of significant pollution, including 
industrial waste expressed as sewered population equivalent (biochemical oxygen 


demand) 
; Sewered popula- 
Miles Pondie- tion equivalent 
above riod con] reat (biochemical Se 
: mou reat- en deman 
Municipality State Receiving stream | 5f ‘Mo. nected ent 8 
nonga 5 
hela ,| 5¢wers Un- Dis- 
treated | charged 
Pittsburgh ! 2_____. Pennsylvania_| Monongahe la 0-10 | 319,500 |None__.__- 458,500 | 458, 500 
iver. 
Braddock 2._....---|_---- DOs RAS a0'S A 10.5 | 32,600 |_..do____- 32,600 | 32,600 
Disdesies ek rT ate? be ES rs ney se 12.0 | 21,100 |__-do....-- 21, 100 21, 100 
McKeesport--...---|----- (AL i Tater 1 Sealine echeese 14.2 | 55,000 |...do__.._. 61, 700 61, 700 
Glassport=.. =... .2|- 22-2 a1) ohana ara 0s ieee ae 18 8,200: aaedGm ss. 8, 700 8, 700 
@iairtor es Ok A 0 ea sews 0. .43-seenee8 20 16,000 |..-do_._... 156,000 | 156,000 
Monongahela City_|_---- ot PEAS Rae ta | ahha alae Se 31.9 1,000" | secu cn we 7, 800 7, 800 
nore | f ORE IRRS OS FEF ae 36.4 | 13,000 |__-do______ 3, 000 13, 000 
Wiphessends 2c SS ee te .2 (te ae FIRS & G0.casb-s ates 40.0 | 18,000 |-..do_..._. 18, 000 18, 000 
Gherterok iS 2. }3<-12 OOncehesa kawee dost scene 42 10, 500 |...do_--... 10, 500 10, 500 
Brownsville_._...2.|----- rola Peele pages NRE dozc-seaceees* 56 7,000) | 2 2cdO.t-3-. 7,000 7,000 
Masontown....:...|-.--- On 2b Sh do... 79.1 3000 fh: SdOce 3, 000 3, 000 
Morgantown_.___-- West Virginia] __._- OGsitent sce 100.9 | 16,100 |...do_____- 16, 100 16, 100 
¥eirmont....-....|4<5.- AR, A ee (> (i eonee ee 126.7 | 20,000 |..-do.__._- 27, 500 27, 500 
East Pittsburgh....| Pennsylvania_| Turtle Creek---.-- 120°} "17,300: |---do.1_i.- 17, 300 17, 300 
Turtle Creek_......|_-..- a ea, PREM (1 Py Sea ad rae SS 12.5 9, 600: |) --d0,1_2. - 9, 600 9, 
Wilmerding.._____.|_.--- domes 2d uKo Go Lesa EE |b, 50051 do 3-2. - 5, 500 5, 500 
PP interieris ss ie (| ERS EN (: Pre Ge Sewers 15.5 6.2005) 72d. 75 6, 100 6, 100 
Peatrard oto sas, pt (i) ean ea ES | i ee EES 16.5 8; 600-|—-.do-i-¢.. 3, 600 3, 600 
Jo pees gee ee ond kd a Hier a G04 Ua. 24.0 8,400 |__.do_.___. 3, 400 3, 400 
Jeannottes 222... .|ia523 Pi | eae ee RRR 8 ocak =o sae 29 14,500 |Secondary| 14,500 2, 200 
a ee ee 6k. te "River, "7 16.6 | 3,600 | None..... ; 3, 600 
iver 
Cionnelisvele. 2220. )0-< doce bs. | 2 domes ge aa 60 12, 900 |...do...... 14, 300 14, 300 
Ruffsdale_____2___- ean see baat Seat ickieg Creek..| 49 Sear oh Saas 3, 100 3, 100 
ew Greens- |__._- r+] plana Cae, aie 0:35.52 Staae 8,000 }_.-do._.... 3, 000 3, 000 
urg. 
Greensburg. .--..--|-.--- Pa Ys Seg Wg (: RES e eee: 56 16,000 |_..do___._. 16,400 | 16,400 
Scottdale._._.__._- do........| Jacobs Creek--..-- 54 6, 300 |__-do___._. 6, 300 6, 300 
Mount Pleasant. 7 (ae ea PE ES! do... - 22 skeuen 60 5,000 |__.do_.____ 5. 600 5, 600 
Somerset.___ do.- Casselman River--| 118 5,400 | Primary | 11, 100 9, 400 
Wargo. 2.135 do... Peters Creek------ 23. 5 0 | None.___- } 90, 000 
Uniontown.. do.. _| Redstone Creek.--| 738 25,000 | Primary.} 27,000 | - 17,500 
Waynesburg ...--do........} Ten Mile tg 85 4,500 |__.do______ 4, 500 2, 900 
arsons..__- -| West Virginia | Cheat River..--..| 167.5 2,000 |None__.... 12, 900 12, 900 
Mannington._.____]_.._- 06.452. Buffalo Creek---.-- 142 8) 1007 (Sedo 2.5. 2 8, 100 3, 100 
Grafton ____- Bib Sees Tygart River--.-- 150 3,800 }...do__.___ 3, 800 3, 800 
Elkins_____- yes sd we CPD Pe i heme EC 209 8,100 }_.-do._._.. 23,100 | 23, 100 
Buckhannon....__.|_.--- donts2-05 B u a it hannon| 205 4,300 |...do._.._. 4, 300 4, 300 
Glarksburg-2:.02..|..... adh ctves., West Fork River-.} 158.8 | 29,000 |...do___.__ 29,000 | 29, 000 
‘Westonissesfeo 2 fo lt is betes eel Pigaeat fi Croan She E: 94 5,000 |...do_____- 5, 000 5, 000 
Binsilor: SdUt G66 }s06 0252.51. 2c nls. caw ee eect 116,900 | Various... ; 93, 000 
3 
Total: 
Penbatieania : a.- e ccowweusassoneeteae Py oe 727,800 |_..2-22222 , 120, 300 |1, 089, 900 
WESAVIWeIIE: Loot fn 8 geo eno naueeeentS BOL AUG acc eudene 165, 200 | 161,800 
Midnyianels. Lie Co. ccs Lic book -tcabenasecseeene—s 000 |---------.- 3, 3, 000 
TOP en I OSeer! CPt lisa Rie woe ce creteese 862, 200 Yo o_ti2-2 1, 288, 500 1, 254, 700 


NS 
1 Pollution loads from Pittsburgh and suburbs are distributed to Allegheny and Monongahela Basins 


and Main Ohio River as follows: 


Miles 
above Mseay 
= - mouth 
Municipality State Receiving stream| of Mo- Paes 
g, # sewers 
penpeyt Allegheny River--| 0-8------- 320, 500 
vania. 
Pitebards and |{__do____- Monosuabela 0-10: .-. =. 319, 500 
suburbs. iver. 
SSG Ohio River’ sscose ie 261, 700 
vr pe Sle Bence Meme Akay Ra SS ce eee | 901, 700 


None...| 597, 200 


Sewered 


opula- 


tion equivalent 
(biochemical oxy- 
Treat- gen demand) 


ment 


Un- 
treated 


---do...| 458, 500 
---d0_..] 278, 600 
o2------- 1, 334, 300 


2 Includes waste from adjoining communities tnat reacaes same outfall sewers. 


3 Excluding places of under 500 population or pipes: ’ 
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Industrial wastes—Table Mo-—4 summarizes pertinent information 
on waste-producing industries in the basin. The coke byproduct 
industry produces by far the largest organic pollution load. Distilling 
and brewing also produce significant organic waste loads. About 
one-third of the industries discharge all or part of their industrial waste 
to city sewer systems. Only one industrial waste receives treatment 
at a municipal treatment plant. Twenty-six industrial plants have 
taken at least minor corrective measures to reduce pollution, 20 of these 
being of an important and effective nature. 


TaBLE Mo-4.—Monongahela River Basin: Summary of industrial wastes not 
ehorginy to municipal treatment plants with total of entire industrial waste load 
in the basin 


Industrial waste Estimated 
disposal “res least ete 
| minor Cor- | population 
Industry Number rective | equivalent 
measures | (biochemi- 


Private 
ipal taken cal oxygen 
sewers | Outlet demand 

sql LT! bee Cnpozen poe Saran ea age pM hoe 5 4 1 0 49, 100 
Byproduct coke-.------6-. 252-5 See 3 0 3 2 0, 000 
2 STON FEI ES ee ge epee gees pe eee aeoe 8 0 3 a ae eee is 
ce 2 or ee RE eed pas es es Se 3 0 3 2 94, 000 
PUNE 122 § ORES ES ies 5 SES BS Pho A ie i ERR A Eo 6 4 2 4 6, 100 
MMe ceww rere <= ie E cep estt sew he ptetns 5 3 2 2 3, 300 
OES sae Smee Re oe at ee © ER a IE BS a 26 4 22 124 ete e 
Tanning. :_-~ 22-22 2-2 -- esos pene eset ite. 2 0 2 2 25, 000 
BG) pee tae epee te eee epee te 2 0 2 0 1, 000 
WMiisvelldneous: £105 Se 19. Sadi 5. Stee J 31 6 25 2 5, 800 
Wastes unconnected municipal treatment... 86 21 65 26 424, 300 
Waste discharged to municipaltreatment_-__ 22.2 --s2ssss5is- esi Nesdsseebscloc cle ssccand 2,000 
Total industrial waste in the basin. 1 - -tij] 222.035 ii. FRE RI I 426, 300 

By States: 
WWorylameh > oeecrssssssgepe = c8ck = ceases hb ashe ee ee Poh es as ee esse 0 
LTRS, (OC 0 Ga RS SR SRN ee eS Ee ee ee ee eS 392, 500 
West Virtinig-it 22 2.-.0 335 tka 55-252 a2 a8 sis ts LU AE 33, 800 


Metal industries are important chiefly because of pickle liquor dis- 
charges. In the Monongahela River Basin, free acid discharge from 
this source is estimated at 57,000 pounds or over 28 tons per day. 
This is only 1.6 percent of the mine acid load. Acid iron salts, having 
an acid effect, are not included in this figure and the comparison, al- 
though the best that can be made from the data available, involves 
acid figures which are not strictly comparable. However, it is ap- 
parent that acid mine drainage is by far the more important problem. 

Mine drainage.—Acid mine drainage discharge in this basin has the 
greatest intensity in annual tons per square mile of all the major 
tributary basins of the Ohio River. Estimated acid loads as presented 
in the acid mine drainage section of the Ohio River Pollution Survey — 
Report are as follows: 
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Monongahela Youghiogh Total, M 
Description River except | * Uehiogheny | Total, Monon- 
Youghiogheny River.only | gahela River 


Tons per year (to phenolphthalein—hot) 


Original acid load: , 
ve TR et ns (oo: Fe pnt hapa ae ES lp 7 pe me 438, 274 141, 735 580, 009 
Marginal -minéels: 3.34 Sscsce 55 Sere bes. 13 ees 39, 064 25, 609 64, 673 
PEDSROOHOG AMIDES. oo sass tmtbinadsccetctmancdnsamas 223, 634 §2, 340 275, 974 
1 1 | aay Se A OR Le aN eee eae 700, 972 219, 684 920, 656 
POI MATS MIO Soins catw naa ances occcmckae Ween as seu 124.1 126. 8 124.7 
Besledeinitiog?.- S352 Steulaels . Lo UL ee ee 380, 026 29, 270 409, 296 
Removed by sealing. -------- Osos ee dh Pe co ba 251, 900 22, 742 274, 642 
[EReRoM GONG = 22. vse 0s eo ows oeneee es 449, 072 196, 942 646, 014 
PSST ig ier Ce ie i ae, Snare 79. 113.7 87.5 
AC OURTEEOVEL =... 2.215. .22 a2 2= cs saewe oes 115, 630 83, 050 198, 680 
PMAIITS TGUGIS: — oe =~ sawed e522 eos ene 333, 442 113, 892 447, 334 
RiAvecninnon ays seston 2.3 ann ne ocean meee 59. 0 65. 8 60.6 


1 Economical to remove in addition by sealing under 1940 restrictions with a cost limitation of $10 per ton 
of acid per year and sealing only in areas not connected to active ventilation systems. 
2 Capable of further reduction (possibly an additional 50 percent) by extended program. 


PRESENTATION OF LABORATORY DaTA 


Complete summaries of routine popes A results for the Monon- 
gahela River Basin are presented in table Mo-7 (p. 375). Summaries 
of special acid and chemical determinations are shown in table Mo-7A. 
(p. 402). These data were obtained in part from operations of mobile 
laboratories connected with the present survey and in part from the 
West Virginia State Water Commission. Observations were carried 
out during the period May to December 1940. 

Selected average analytical results at some of the principal points 
in the basin are tabulated with stream flows on sampling days and 
with the minimum flows of record in table Mo-5. Selected results 
have been chosen for low dissolved oxygen, high coliform or low pH 
findings and, in general, represent the most unfavorable conditions 
during the sampling period. Selected average acid and chemical) 
results are presented in table Mo-5A. 


Taste Mo-5.—Monongahela River Basin: Selected Laboratory Data 


miverti 7 Oe: Alea i Ae Monon- | Monon- | Monon- | Monon- | Monon- | Monon- | Monon- 
gahela | gahela | gahela | gahela | gahela | gahela | gahela 
U0 9 135 pape a ee fi el SS Mouth, | Dam Above Dam Dam Dam Dam 
Pitts- No. 2, |Youghiog-|_ No. 3, No. 4, No. 5, No. 6 
burgh Pitts- heny | McKees-| Char- | Browns- 
burgh por leroi ville 
River miles above mouth of 0.05 11.2 16.4 23.8 41.5 56.5 68.3 
Monongahela. 
Period; 1940523 5.8 ci acl Je: Septem- | August | August-| Septem- | August | August | Septem- 
er Septem- er ber 
ber 
Number of samples_--....-.._- 2 2 4 1 2 2 4 
Flow in cubic feet per second: 
Sampling days.__.....___-- 2, 140 3, 200 1, 600 2, 100 1, 340 1,170 1, 570 
Minimum month__.__.._.- Fc a (ee ee ee a ae. eee Sic] Se ae) roe phere SS 
Waiter temperature °C___...__- 22 22 23.8 22 24. 2 24.3 211 
Coliforms per milliliter_..._.._. 27 23 1 () 1 3 ) 
Dissolved oxygen, parts per 
TOT commenter” + + Te 3.0 5.7 5.0 8.1 7.8 7.6 8.0 
Biochemical oxygen demand, 
5-day, parts per million----_- 21 uk 8 9 9 .5 -8 
Pc Ree A ec dala 4.7 3.9 4.0 3.7 3.3 3.6 3.6 
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TasBLeE Mo-5.—Monongahela River Basin: Selected Laboratory Data—Continued 


Monon- 
gahela 
Below 

Fair- 
mont 


124.2 


June 


Monon- 
gahela 
Fair- 
mont 


126.7 


June 


West Fork 


Below 


Above 
Weston 


Rivets... Sse eS Monon- | Monon- | Monon- | Monon- | Monon- 
gahela gahela gahela ahela gahela 
ce. ee HO ee ee ioe eee Dam Dam Star organ-| Lock 
No. 7 No. 8, City town, No. 11, 
Port W.Va. | Morgan- 
f : Marion town 
River miles above mouth of 84.8 90 97.7 100.9 104.1 
Monongahela. 
Period, 194). o26.2.- ess == ss eam May June June June 
r 
Number of samples--------.--- 4 - 4 4 4 
Flow in cubic feet per second: 

Sampling days_--..--------- 1, 090 38, 000 6, 750 6, 700 6, 600 

Minimnnt month: scsic04 2) sce eecc)cci lcs nsae|se2en n= 2-lleeec. nas 43 
Water temperature °C___------ 21.6 16.0 22.7 22.5 So 
Coliforms per milliliter__------- Q) 8 25 6 10 
Dissolved oxygen, parts per 

ROR ee ot eas ea 8.2 9.6 8.0 7.8 8.0 
Biochemical oxygen demand, 

5-day, parts per million___.--- 1.0 & 2 1.3 6 
Cl 3 Ci Dies 2d Soles eS Saaiees 3.4 5.0 4.4 4.9 4.8 
Rivers <- = st - See Youghiog-| Youghiog-/ Youghiog-| Youghiog-| Cassel- 

heny heny heny heny man 
apr TT Sac So oe a Near Below Below Below Near 
mouth | Connells-| Conflu- | Oakland | mouth 
ville ence 

River miles above— 

Confluence with Monon- 0.7 31.4 68.9 111.9 71.4 

gahela. 

Mouth of Monongahela---- 16.3 57 84.5 127.5 87 
POPU, ANN sn ac 8 ee August | August July June July 
Number of samples------------ =} a 3 3 3 
Flow in cubic feet per second: 

Sampling days------------- 1,810 2, 490 640 299 219 

Minimum month. --------- DSR. oi deem onn! een bec x sanc ns {am Oe aie ee ee, Pee 
Water temperature °C___------ 21.8 19.5 23.8 18.0 22.2 
Coliforms per milliliter__-_------ 5 2, 400 21 48 4 
Dissolved oxygen, parts per 

GT Se eee ee 6.7 8.4 7.9 8.2 8.2 
Biochemical oxygen demand, 

5-day, parts per million__---- 1.2 2.0 .6 a 6 
5S a a a SE a eS 3.5 6.7 5.1 5.0 3.8 

Cheat 
elven pete ees Se See Below | Tygart | Ty: Tygart 
Thopntien:= 75623-2626 2y sae Holly Near Below Below Near 
Meadows} Mouth | Grafton | Elkins | mouth 
River miles above— 
Confluence with Monon- 
wane eS ea SATS 76.4 3.9 18.6 77.4 0.9 

Mouth of Monongahela..--} 165.5 132 146.7 205.5 129 

Sates |) age «(1 ae June June June July June 
Number of samples---------_-- 3 3 3 4 3 
Flow in cubic feet per second: 

Sampling days___---- és 2, 890 5, 220 5, 210 472 979 
Water temperature °C_- 16.7 19.8 19.5 18.8 24.0 
Coliforms per milliliter --------- 20 23 30 825 12 
Dissolved oxygen parts per 

mobo ci ceete) . ce cbt 25 8.6 9.0 9.6 7.3 6.9 
Biochemical oxygen demand, 

5-day parts per million___-.--- 75 a) 6 1.6 6 
El se Rs ee eS aa 6.8 6.7 6.7 6.9 3.8 

1 Less than 1. 


90035—44—-pt. 2-15. 
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Taste Mo-5A.—Monongahela River Basin: Selected laboratory chemical data 


Riverst se 2. ace tl. Sean. Monon- | Monon- | Monon- | Monon- | Monon- | Monon- | Monon- 
gahela gahela ahela gahela gahela gahela gahela 
ovation. 1. etal. cacakwadens Mouth | Above ock Lock Lock Lock Below 
Youghio-} No.4 No. 6 No.8 No. 11 Fair- 
: gheny mont 
River miles above mouth of 0.05 16.4 41.5 68. 3 90. 6 104.1 124, 2 
Monongahela. 
evo, 10402. .-25c-d ashes October | August-| October | Septem- | Novem-| June June 
Septem- er ber 
er 
Number of samples- --.----.--- 4 4 5 4 4 4 3 
Flow in cubic feet per second: 
Sampling days_..---------- 2, 710 1, 600 1, 920 1, 570 3,070 6, 660 4, 230 
Minimum month-_--------- 398 280 Naser ga cioea ewes mood eben a skh ro ees Yao 
1(1270) W806) | hasta mel oBegie = /L eee? AGI) a3 lode S eid 
ipl sesysck 359 2 ere 4, 3.6 3.4 4. 4.8 4.5 
Acidity, parts per million: 
Mothy? red - 2.2 sdsec2iac2 26 16 22 34 7 9 14 
Phenolphthalein (hot) ----- 43 37 35 45 15 19 20 
Tron, total, parts per million_-.- 5.0 3.2 1.5 1365 Lah eS 1.6 
Tf iy) Sebi peeiveng eels aap ke Youghio-| Youghio-| Cassel- | Cheat | Black- | West West 
ghen gheny man water Fork Fork 
DUGURIMIDE se tis 429d bom astesee Mout Below | Mouth | Mouth | Mouth | Mouth | Above 
Oakland, Zeising, 
River miles above— Md. W. Va. 
Mouth of Monongahela___-| 16.3 127.5 87 90 172 129 149.8 
yee a with Monon- it 111.9 71.4 A!) 82.9 A!) 21..7 
gahela. 
PPatiod 1040 ao tas sue os sae ona October | June July June June June July 
Number of samples... _.------- 4 2 2 2 2 3 2 
Flow in cubic feet per second: 
Sampling days._.......---- 627 382 385 2, 475 625 936 469 
Minimum month. _-..-.--.- L184) 3b ao ese op a-ak ene on) Be los sek esos eels 
ON 2S ee as Be ee 3.6 5.3 3.9 5.0 4.8 3.9 5.2 
Acidity, parts per million: ‘ 
Methyl reds _ 2. e2a rele ae Seen 15 16 11 25 17 
Phenolphthalein (hot) ._... 76 14 28 32 22 46 41 
Tron, total, parts per million__- 6.0 4.3 1.2 1.7 3.9 1.4 Bry) 


1 After Tygart Dam installed. 


Figures Mo-3, Mo-4, Mo-5, and Mo-5A show graphically the con- 
centration of coliform organisms, dissolved oxygen, oxygen demand, 
and pH, respectively, at various sampling points throughout the 
watershed. ‘These data are presented as averages of all the results 
where the sampling period was less than a month and as the most 
unfavorable monthly averages where observations extended over 
more than 1 month. ; 

Stream discharges on the Monongahela varied from 62,000 second- 
feet in May to 830 second-feet in August at mile 85. During the 
May-July period, flows in the West Fork River at Clarksburg were 
800 to 1,000 second-feet and the Tygart River discharges during the 
sampling period in June at Grafton were about 5,000 second-feet. 
Discharges from August to December were generally in the normal 
low-water ranges. 

It appears, from an examination of the laboratory data, that the 
main problem in the Monongahela Basin is one of acid mine drainage 
rather than one of organic pollution. Organic pollution appeared to 
be a factor at Jeannette, Greensburg, Mount Pleasant, and Waynes- 
burg, Pa., and East Salem, Clarksburg and Weston, W. Va. Of 
these, Waynesburg has a sewage-treatment plant under construction. 
The Cheat and Tygart Rivers were in generally good sanitary condi- 
tion during the sampling period. 
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As indicated by bacteriological findings, about 71 percent of the 
sampling stations above towns on normal streams (85 percent on acid 
streams) showed coliform organism concentrations of less than 200 
per milliliter. The effect of acid stream conditions, as compared to 
normal stream conditions was, in general, to reduce the coliform counts. 

The dissolved oxygen results show quite general average concentra- 
tions of 6.5 parts per million or more and 78 percent of all stations in 
the basin fall into this group. Oxygen depletion was observed only 
below Jeannette, Pa., in October and near depletion below Waynes- 
burg, Pa., in August. _pH values were above 7.0 at both points. 

Over 70 percent of all stations had average oxygen demands of less 
than 3.0 parts per million under the most unfavorable conditions 
observed. About 25 percent of all stations sampled had oxygen 
demands in excess of 5.0 parts per million. Because of the effect of 
acid on normal biochemical oxidation, the biochemical oxygen demand 
tests on acid stream samples were carried out in duplicate; one 
portion being incubated in the acid state as collected and the other 
being incubated after neutralization with sodium hydroxide and 
seeding with filtered sewage. In general, the results of the two por- 
tions were either of the same order of magnitude or the acid portion 
showed a higher biochemical oxygen demand, in a few cases a great 
deal higher, than the neutralized portion. Ferrous iron may exert a 
chemical demand to further complicate interpretation. 

The results of acid stream examinations on table Mo-7A show pH 
values ranging from 2.8 to 6.9, acidities from nearly zero to about 
5,000 parts per million, and total iron from less than 1.0 parts per 
million to over 2,000 parts per million. 

The presence of acid wastes makes the interpretation of much of 
the sanitary data gathered along the Monongahela Basin somewhat 
difficult and complicates the evaluation of the effects of the self- 
purification process. There was a general tendency for the acidity 
to decrease with increased stream discharge. This appeared to be 
the case both on the larger and the smaller streams. Increased 
stream discharges also tended to increase the coliform and dissolved 


oxygen concentrations and to decrease the oxygen demands in the 


smaller streams but apparently had little effect, so far as these factors 
are concerned, on the larger streams in the discharge ranges observed. 
Biological Summary.—The acid condition of the main stream of the 


Monongahela renders it nearly devoid of plankton or fish life, except 


where clean tributaries join the main stream. The tributaries, Ten 
Mile Creek and Pigeon Creek, support a fair plankton and fish popu- 
lation. 

Hyprometric Data 


Twenty-two stream gaging stations with records of consequence 
have been maintained in the Monongahela River Basin at various 
times, of which 19 are currently in operation. Table Mo-6 shows 
monthly mean summer flows at 8 stations for 3 dry summers during 
the period of record. Flows on the Monongahela River and the 
lower Tygart River have been affected by Tygart Reservoir, com- 
pleted in 1938. Figure Mo-6 indicates that the Reccanty with which 
minimum monthly mean summer flows have occurred and would 
have occurred with regulation by Tygart and Youghiogheny Reser- 
voirs are as follows: 
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Minimum monthly mean summer flows in cubic 
feet per second that may be expected once 


Regulation status pisshs 
2 years 5 years 10 years | Minimum 
hiogheny River at Connellsville, Pa.: 

a tilated (Ua Be. bea oses sa eset 480 270 180 85 

Regulated by Youghiogheny Dam------.-_-.------ 1,340 990 800 600 
Monongahela River at Charleroi, Pa.: 

LOTTE Pe Fy 7 RI a a Se a 8, 150 1,300 750 250 

Regulated by Tygart Dam_..............._...----- 3, 550 1, 550 950 400 


TaBLeE Mo-6.—Monongahela River Basin: Monthly mean summer flows for years 
in which low summer flows have occurred 


avers ese et OC SEBS” ATL -s Monon- Turtle Youghio- Cheat 


ahela Creek ghen Parsons, 
Lape greg OR girl Ik Rieter dapat eat Metta t Date tate Up Charleroi Trafford, | Connells- W. Va. 
Location.- Pa, ’ a ville Pa, 
River miles above— 
Confluence with Monongahela. -.............------|------------ 5.5 44.4 78.4 
a Mouth of Monongahela PEP) ECA igtad Sa mn i 1 
rainage area, square miles. ......2.2....---..--------- ; A ‘ 
Pabstwirmrdos.! p23 st BOs laren 1933-39 | 1916-39 | 1909-39 | 1913-39 
italiane oa bids ob cee dace’ eb bs Iaderi seca ss: es 1936 1932 1939 1930 
Mime VET. os 2h6 cubic feet per second -- 1,345 3. 59 1,974 
Ge en ee ae Ws, eh es ae gas 1, 337 2.37 1,571 89.3 
(AUGUSt. 2. == 2 ses SEL do.-3: 2,172 - 96 285 34.9 
Bentarmiben ih 2 82. 2 ta ee dozs=2 911 1,56 185.2 193.3 
1910 1932 
5, 229 496 
575 1, 560 
100 376 
218 87.9 
1914 1936 
* 536 1, 340 
aa ee aa 2, 280 2.49 323 "475 
POMPOM sise sts. 2s sd85..ssteesee es 6 ee ee eee Sa | SP ne 
Rivers eet MTG IEGs SET SESS eg Cheat | West Fork | West Fork | Tygart 
a ee Rena En Pisgah, | Enter Clarksb Belingto: 
se See a ca ge Boe W.Va | Ween |clarkebure,| Belington, 
River miles above— 
Confluence with Monongahela._..........--------- 18 13.0 30.7 61.9 
i Mouth of Monongahela Rag a cay, Fas hes ee righ ae 168.8 199 
r Baree, square Miles. 22 cd. bcs cecucke estes 5 
Poriod of oben) a LO Sie aa pea alg amis iadageee a 1928-39 1907-16 1923-39 1907-39 
1933-39 
Medea pecsme eee a. i Ae 1980 1908 1930 1930 
[UN ei eet hema de cubie feet per second-- 1, 440 157 15.6 151 
tele {Ras EL CEs eae : Se ace: 74,4 10 re os 
<1 (7 1: | REG ER OS ae Ray en Oier= . 
Geptembes SoA Sire lh REET STS TSF, do_--- 1 43, 4 119.8 4.35 1,65 
MET at aa a een leh RR eT Ys 1932 1910 1932 1932. 
“ULE he So Ee eee cubic feet per second-- 665 798 16.9 205 
Mbytes eee AMER T Sak yt ef ets do\..- 1, 960 342 176 812 
a Re ane SL eS ree renee do_.-- 544 25.4 57.8 160 
Reertn bene se sre kf ern ee oes do_--- 115 454 13, 89 12.9 
CHER ue ese Smee PS ei Sc ae Poe aise 1936 1936 1936 1908 
Lia EN SSE ER 9 gee ae cubic feet per second-- 484 30.7 7.48 388 
oe aeeeeeeenscaerenette seiechbatmpba dmb eMbll hkls 
ORIN EL ia Sees Lt 3613 3.3 0225- 
CIDE ee Ne tn Re Se ae dex:-- 221 38. 5 26.2 1730 
LS 


1? Minimum month. 
2 Regulated by Tygart Reservoir. 
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Low-flow regulation—There are two private reservoirs of conse- 
quence on the basin used for power. Lake Lynn on the Cheat River 
below the proposed Cheat River Reservoir has a capacity of 72,300 
acre-feet. Deep Creek Reservoir on a headwater stream of the You- 
ghiogheny River has a capacity of 106,000 acre-feet. Both of these 
reservoirs are operated ‘to produce peak-load power and are of limited 
benefit to the pollution problem. The normal fluctuating flows below 
peak-power reservoirs are undesirable from a standpoint of pollution 
abatement. | 

The following reservoirs in the basin have been built, are under 
construction, or have been studied by the United States Engineer 
Department in connection with the authorized program for Ohio 
River flood control: 


Storage 

Reservoir Stream Status (acre- 

feet) 
Tyvgart Riverine .e2.. Meecksck. = Tygart River-.----------------- Completed___________- 278, 800 
Nwuphioghony 2b S222} ce Youghiogheny River------------ Under construction___} 249, 000 
PIN OMP EB INOL oschacu Sack ocak Qheat.Riverssa!-----—----<22--- Proposeds._ os: 890, 000 

West Fork above— 

Glprksbute .\ oc. detdest 1Aceeee West Fork-secssse=-------------[--2<: co 0s ager tS” a 61, 200 
erowssvillos 20 be oo eh dS Ys (1 ge ea = eee ery eee (i ees ae ey 101, 500 
ROORA2 S osbss cP esehaeeh ik Elk Creek __---- ee (> (SE seat ia eg OD 114, 500° 


The Tygart Reservoir is being operated to provide low-flow control 
and the Youghiogheny Reservoir will be so operated. The major 
value to pollution abatement of these reservoirs and of the proposed 
reservoirs is in supplementing mine sealing for the control of acidity. 
The value of such flow regulation is discussed in the section of the 
report on Acid Mine Drainage. In addition, they could aid in abating 
pollution in the Ohio River ae Pittsburgh due to sewage and other 
organic wastes. Except for the reservous on the West Fork and Elk 
Creek above Clarksburg, flow augmentation by the proposed projects 
would have no appreciable tangible value for the abatement of organic 
pollution within the Monongahela River Basin. The West Fork Res- 
ervoir could also be of value in insuring the adequacy of Clarksburg’s 
public water supply, which suffered a serious shortage in 1930. 


Discussion 


The major problem in this basin is the control of acidity from acid 
mine drainage which enters the streams. ‘The demonstrated success 
of acid control at the mine by sealing has indicated a promising line 
of attack on the mine-acid problem. In addition, flow regulation is 
a valuable supplementary control measure. A discussion of this prob- 
lem, concluding with the presentation of a mine sealing—flow regula- 
tion acid control program for the area above the Ohio-West Virginia- 
Pennsylvania line, will be found in the acid mine drainage section of 
the report. 
_ Stream restoration requires control of all types of pollution and up 

to the present time uncorrected acid mine pollution has served as a 
deterrent to organic pollution abatement. The germicidal and chem- 
ical coagulating action of the acid and iron salts may greatly reduce 
acute odor and nuisance conditions during normal times, and this 
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point has been the subject of considerable discussion. However, 
sludge deposits, visual nuisance from floating sewage materials, and 
odors are present at and below sewer outlets. Water supplies from 
the river below have no dependable safeguard because of fluctuations 
in acidity and the possible sudden elimination of nearly all acid during 
high flows. Damages from acid conditions in the upper Ohio Basin 
are estimated at over $2,000,000 per year, excluding unevaluated and 
intangible damages believed at least to equal the tangible damages. 
In considering stream restoration in mine acid areas, mine acid con- 
trol and organic pollution abatement should be carried on as parallel 
programs. Both measures are necessary if complete restoration is to 
be obtained. A single measure may be amply justified in individual 
cases but maximum benefits are possible only when the two programs 
are carried on in parallel. The suggested program of sewage and in- 
dustrial waste treatment outlined herein will be fully justified only in 
conjunction with a comprehensive acid-reduction program. 


PITTSBURGH AND VICINITY 


At present, nearly all of the sanitary sewage and industrial wastes 
from Pittsburgh and vicinity are discharged directly into the creeks 
and rivers, causing unsightly and malodorous conditions along all 
water fronts. This area receives the largest pollution load in the 
basin, aggregating a total of about 460,000 sewered population equiv- 
alent. The Pittsburgh problem is discussed and cost estimates are 
included under the main Ohio River. Effective chemical treatment at 
a site or sites, chiefly on the Ohio River, appears feasible, or primary 
treatment, plus maintenance of increased summer flow below Pitts- 
burgh, offers a promising alternate solution. 


YOUGHIOGHENY RIVER 


This stream receives a total pollution load of 106,000 sewered popu- 
lation equivalent. Of the five treatment plants, the largest is at 
Somerset, Pa., and serves 5,400 persons. Laboratory findings show 
low coliform, biochemical oxygen demand, and pH results while the 
dissolved oxygen results are fairly high. The largest sources of pollu- 
tion are at Greensburg, Connellsville, and Somerset, Pa. 

Primary treatment should be adequate at Greensburg and at other 
communities on highly acid streams, pending rather complete acid 
control. With such control, secondary treatment will be required at 
Greensburg and at smaller communities located on headwater streams, 
subject to zero or near-zero flow. 


MAIN MONONGAHELA RIVER (EXCEPT PITTSBURGH) 


McKeesport, Clairton, Belle Vernon, Charleroi, Morgantown, and 
Fairmont are the more important cities located on the main stream. 
None of these places have waste-treatment plants. Industrial wastes 
are of minor importance except at Clairton and vicinity where there is 
an industrial waste concentration. 

Uniontown, located on Redstone Creek, has primary treatment of 
domestic sewage for 25,000 persons and for equivalent industrial waste 
of 2,000. This is the largest treatment plant in the basin. The treat- 
ment is adequate at the present time but, should acid in Redstone 
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Creek be controlled, supplementary secondary treatment facilities 
would be required. 

Jeannette, Pa., on Turtle Creek, has secondary treatment which 
has been unable to handle all industrial wastes. Pretreatment of 
these wastes with discharge to the municipal treatment plant is re- 
quired if full corrective benefits are to be obtained. 

Although the laboratory findings indicated generally acceptable 
conditions at the time of sampling, except for acidity on the main 
Monongahela River, sewage treatment should be installed to improve 
conditions at the sewer outfalls, eliminate floating materials, prevent 
sludge deposits and protect the many waterplants located short dis- 
tances downstream. Primary treatment should be adequate. Al- 
though there has already been considerable activity toward correcting 
industrial waste pollution in the Clairton area, certain minor additional 
steps are indicated and continued effort toward reducing this pollution 
is justified. 

CHEAT RIVER 


This stream is generally in good sanitary condition and shows little 
acidity. Recreational use of the stream is important. The largest 
source of pollution is found at Parsons, W. Va., on the headwaters and 
is principally due to industrial waste. In view of the present condi- 
tion of the stream, primary treatment of waste seems justified to re- 
move settleable solids and floating material to prevent local nuisances. 


TYGART RIVER 


Sanitary conditions are generally good in this stream and acidity is 
not now a problem, largely because of past mine sealing activities. 
This stream is used extensively as a source of water supply. Elkins, 
W. Va., with a sewered population of 8,100 and industrial waste equiv- 
alent of 15,000 additional, is the largest source of pollution on this 
stream. The domestic sewage is untreated but the industrial waste at 
Elkins is so treated that a reported reduction of 90 percent in settle- 
able solids is obtained and oxygen conditions are generally improved. 
A high degree of treatment is justified in this area, not only to improve 
the stream locally but also to protect the waters of Tygart Reservoir. 


WEST FORK RIVER 


Clarksburg, W. Va., with a sewered population. equivalent of 
29,000, is by far the largest source of pollution on this stream and its 
effect is clearly evident in the laboratory findings. The dissolved 
oxygen is reduced and the biochemical oxygen demand and coliform 
organisms are increased. : i 

In general, the main stream is not highly acid except near the mouth 
where many tributary creeks with low pH values discharge acid mine 
drainage. Two sewage treatment plants are located on this stream. 

Secondary treatment of sewage at Clarksburg appears advisable to 
reduce oxygen demand and coliform counts. At least primary treat- 
ment is necessary at all other communities. Weston will require 
secondary treatment to reduce bacterial pollution. 

A summary of costs of the remedial program discussed is shown on 
table Mo-1. 
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BEAVER RIVER BASIN 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Beaver River drains 3,145 square miles in Ohio and Pennsyl- 
vania. The population of the area is 728,000, roughly 230 per square 
mile, of which almost two-thirds are m urban communities. The 
largest city, Youngstown, Ohio (167,720), is the center of the third 
largest steel-producing area in the country. The streams and reser- 
voirs of the basin are intensively used as sources of municipal and 
industrial water supply and for recreation. About 42 percent of the 
sewage is treated and more than 95 percent of the untreated wastes 
enter the Mahoning River in the Youngstown district (Warren to 
Lowellville). Except for the Beaver and sections of the Mahoning 
and Shenango Rivers, the streams of the basin are relatively clean. 
Abatement of pollution in the Youngstown district can be most 
economically effected by a combination of waste treatment and stream- 
flow regulation. Reservoir sites have been investigated by the 
United States Engineer Department with a view toward providing 
needed additional flow for both pollution abatement and industria 
water supply. Further industrial development in the Youngstown 
district should be predicated on obtaining additional water from 
sources not now considered. 


CONCLUSIONS P 


(1) Eighteen of the fifty public water supplies in the basin are from 
surface sources. Twelve of these, serving 430,000 people -are from 
streams or reservoirs subject to pollution. 

(2) Sewage from 515,000 people, industrial wastes equivalent to 
sewage from an additional 165,000 people and about 32 tons of acid 
per day enter the streams of the basin. Thirty-six plants treat about 
42 percent of the sewage and several of the industrial plants have in- 
stalled waste treatment facilities. 

(3) Laboratory data show the Mahoning River, particularly in the 
Youngstown district, to be grossly polluted. The Beaver River is 
moderately polluted and the Shenango is in fairly satisfactory sani- 
tary condition. Smaller tributary streams are relatively clean. * 

(4) The major pollution problem of the basin is in the Youngstown 
district. More than 95 percent of the untreated wastes in the entire 
begin enter the Mahoning River in the 25 miles from Warren to Lowell- 

e@. 

(5) Industrial water use in this stretch, principally for cooling pur- 
poses, is about 20 times the minimum stream flow. The resulting 
high-water temperatures intensify the effects of pollution and increase 
industrial costs. 
DOO 4 411 
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(6) Chemical treatment of sewage plus low-flow control by reser- 
voirs offers the most economical method of organic pollution abate- 
ment. in the Youngstown district. Low-flow augmentation alone, 
or without a parallel program of sewage treatment, will actually 
have a detrimental effect on the Beaver River because of decreased 
time of flow. Local conditions and river temperature will, of course, 
be improved. 

(7) Primary treatment, the minimum that can be considered 


satisfactory under the most favorable circumstances, is indicated at 


four other communities where stream flows are adequate including 
Newton Falls, Ohio, and New Brighton, Pa. The latter city, being 
near the mouth, is primarily an Ohio River problem. Secondary 
treatment is indicated at five small towns in Ohio located on streams 
subject to very low flows. Additions or improvements to treatment 
facilities are needed at eight places and progress is being made toward 
completion of the improvements in most of these cases. 

(8) Industrial treatment is needed principally to reduce phenol 
discharges at byproduct coke plants and to reduce the acid load on the 
stream. This can be accomplished by methods now in use at other 

lants. 
3 (9) A summary of cost estimates of remedial measures from table 
B-1 follows: 


. Annual 

Treatment Capital cost charges 
OTS hs to hea TG Od ae pe a ae $4, 760, 000 $415, 000 
mupgoslou-nmaitional 66k CC. a ss ie ee 6, 000, 000 865, 000 


Estimated additional costs, over existing charges, of programs in- 
volving uniform treatment throughout the basin are: 


Treatment Capital cost ae 
yah a eyis tia) 21102 eae faite alli a foreaty Rib Leia Sa ila ig eee payee 9p ME Ste yas $5, 830, 000 | | $845, 000 
Becongary sail placks:3<6_ 13456) 6 don Oras ak see nece --e ok SUL 10, 680, 000 1, 265, 000 


Taste B-1.—Beaver River Basin: Estimated cost of existing and suggested mini- 
mum corrective measures for sewage and industrial wastes, with comparative costs 
for primary and secondary treatment 


Number 


of plants Annual charges 
Popula- : ne ae 
tion con- ie 
Prt |}! gée nected to} “rent Amorti- | Opera- 
4 d- sewers zation | tion and Total 
ma-. | on and in- | mainte- 
ry ary terest nance 
. Existing sewage treatment___...-.- 17 18 |. 218,400 | $4, 760, 000 $300, 000 | $115,000 | $415, 000 
Suggested minimum correction: 
‘Sewage treatment plants______- 14 5 | 297,100 | 2,970,000 | 210,000 | 190,000 | 400,000 
ermine tilerceptors: 2 heck usces | teed Ja]aebecsenle 1,990,000 ; 95,000 |_.._____. i 
Independent industrial waste 
Morroceiaer. ts) ee beet tee TC gg se eee 2 1,040,000 | 135,000 | 235,000 370, 000 
La Oia as at AM a Bs acer pirat, Hegre ati ioe era 6,000 000 | 440,000 | 425, 000 865, 000 
Comparative cost: ; 
Primary treatment all waste___|_...-.]_---..-.|-.-------- 5,830,000 | 425,000 | 420,000 845, 000 
Secondary treatment all waste_|......|-..-----]---------- 10, 680,000 | 710,000 | 555,000 | 1, 265, 000 


eS a Cae a Space pia ot sete pee Re ae 6,000,000 | 440,000 | 425, 000 865, 000 
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DEscRIPTION 


The Beaver River is formed by the confluence of the Mahoning and 
Shenango Rivers near New Castle, Pa., and flows southward for 20 
miles to its junction with the Ohio River 25 miles below Pittsburgh. 
It drains an area of 3,145 square miles, of which 1,360 are in Ohio and 
1,785 in Pennsylvania. Much of the land is flat, particularly in the 
northern half of the basin but the southeastern portion is quite hilly. 
The principal tributaries of the Beaver River are: 


Distance 
2 Drainage ares, 
Tributary oboe i mounts square miles ® 
OG HNOEUERDSSINY COR icc necawnd< conosco oscsies are ate epinn tenes 12.4 830 
WMahioningsRiverifs trio ios Pe reo eee ree Gh A eS 20.7 1, 100 
Wheranre Rivor-s:2.<cl2 ei2 gece to Ne es oe rey ee 20.7 1,080 


The basin is densely populated (230 per square mile) and about 
two-thirds of the population is in the 22 urban communities. The 
populations of some of the larger cities and of the basin as a whole 
are shown below: 


Population 
1910 1920 1930 1940 
Principal cities: 
ey pn fe PIG: vax bach $ cases cock t tees seep benels i a 132, oe 1, bh, as Shed 
OW AHoIG, bie it obs. tates Ln Uk Ue ese eee dasa awe F 44, 48, c 
Stren: ‘Ohio >: <2) Gros 5. FR Sl ee 11,081 | 27,050} 41,062 42, 837 
Aron Pa. cities Ais tre es lisa fore bpd ae 15,270 | 21,747 | 25,908 25, 622 
2351s FO NESE LS BS Ba ORAS hy MESES CENT SS UES AERP OT 20, 728 23, 778 4 24, 477 
pAlHRniobs Cig HY Lis ets Fy) gee, Saeed tes 15,083 | 21,603 | 23,047 22, 405 
Mie one ig Yul ace a os sepa Ras 4 peas, al ees 1, 1 ry pd 6 ie a 098 
les, SOO oe ES SOS SR SRS RS wed) Us era A Ss ee NS SARS ee EEE . 3, an i 
CoS) ae aS SR IRS SEES eae oO eee PRT SL 10,190} 15,586 | 14,359 13, 899 
Wampbell; Ghio 22. wis ets a a eG 4,972} 11,237] 14,673 13, 785 
0! Le UNG RLS pas | a GN ee wis wes BE AS AIRE Sapam a eS 3, 902 8, 958 12, 323 12, 329 
RULED ers OO. tah eke ee 3,370 5,847 11, 249 ee 
Entire basin: 
bales TR eee Oe ee OE 2) tie Us ROME 178,013 | 189,950 | 220,208 | 251, 301 
Urhen sie see hia htc tips Ae ee et 251,086 | 389,343 | 480,079 | 477, 267 
Dott Asa iG eO ak au) Ras onds. 429,099 | 589,293 | 700,287 | 728,368 


Almost all of the cities experienced a period of rapid population in- 
crease during the first 30 years of this century which saw the region 
develop into a major center of steel production. 

This period of rapid growth ended in 1930 and most of the cities 
lost population during the next 10 years. The rural population con- 
tinued to increase, however. 

Water uses.—N one of the streams are navigable at present except for 
the lower mile of the Beaver which is affected by backwater from the 
Ohio River. A proposal to connect the Ohio River and Lake Erie by 
a canal using the Beaver, Mahoning, and Grand Rivers has been 
studied by the United States Engineer Department and considered 
by the Congress a number of times but has not been authorized. 
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There are no hydroelectric power storage reservoirs and no sites 
where the development of hydroelectric energy appears to be economi- 
cally feasible at the present time. No flood-control reservoirs, as such, 
have been built but a number of reservoirs built for other purposes 
have undoubtedly aided in reducing flood heights. The largest of 
these are the Pymatuning Reservoir, Lake Milton, and Meander 
Reservoir. Pymatuning Reservoir on the upper Shenango has a 
capacity of 192,000’acre-feet and a surface area of 17,880 acres. It 
was built by Pennsylvania primarily to regulate stream flow to insure 
an adequate supply of water for downstream cities and industries. 
Lake Milton on the Mahoning River above Warren was built by the 
city of Youngstown and private interests to increase the flow of the 
stream during dry weather. It has been useful in this respect but its 
small capacity of 28,100 acre-feet has limited its utility. Both Pyma- 
tuning Reservoir and Lake Milton are used extensively for recreation. 
Meander Reservoir on Meander Creek was built by the Mahoning 
Valley Sanitary District to provide public water supplies for Youngs- 
town and Niles. Its capacity is 32,400 acre-feet. Fifteen other 
- reservoirs with capacities of from 100 to 4,600 acre-feet have been built 
for water supply, recreation, or flow regulation. 

The Berlin Reservoir on the Mahoning above Lake Milton is now 
(1942) under construction by the United States Engineer Department 
in connection with the authorized program for Ohio River flood con- 
trol. In addition to controlling floods, the reservoir will provide 
storage for low-flow control. - 


PRESENTATION OF FirLtp Data 


Figure B-1 shows the location and sp ly of the more im- 
portant sources of pollution in the basin. Figure B-2 shows similar 
data ‘and, in addition, the location of public water supply intakes from 
polluted streams and selected laboratory data on coliform organisms, 
dissolved oxygen, and biochemical oxygen demand. 

Public water supplies—Fifty public water supplies in the basin 
served 554,100 people. Eighteen supplies serving almost 500,000 
people are from surface sources and 12 of these are from streams or 
reservoirs subject to sewage pollution. Table B-2 shows data on the 
surface water supplies of the basin. The supplies from the Beaver 
River are the most seriously polluted and the most complete treatment 
of these supplies often fails to produce a palatable water. 


TasLe B-2.—Beaver River Basin: Surface water supplies 


Con- 
_| Popu- per aapl 
State Source Mile! erg lation Me oil 
Municipality served gallons 
per day 


Supplies below community sewer outfalls 


New: Brighton... .5¢.s-cx'= Pennsylvania_| Beaver River--------- 3.6 | FD 22, 500 


1.75 
Beaver Paligs..2227 2 fal |iiis doké. gH 328 dott sf) 6.3 | FD 25, 000 2. 30 
West Pittsburgh..........|-.--- OTe Sara Dietiedene Cl as eS 18.0 | FD 400 07 
1 aC Cj | all aa ialiaielad pak eae (see Sas” Shenango River-_----. 25.8} FD 58, 000 4.25 
Bharomiae Pras tri a ric Gos nel ss2s: On5283 porsceetee 47.5] FD 50, 000 3. 80 
NV.BITGHSS--982 Seco ss ite Mahoning River---.-- 56.6 | LD 42, 800 3.98 
A MEMGaes Sie soci we nbs [os ou cS EEG, Sa MOL Si. oon aks 101 FD 22, 400 3.50 
Mp eorteee ote osu] i CE ae eae etait 5 (eA ag eer 105 FD 3, 900 50 


1 Miles above mouth of Beaver River. 
4 L=Lime-soda softened; D =Chlorinated; F = Coagulated, settled, filtered. 
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Taste B-2.—Beaver River Basin: Surface water supplies—Continued 


Con- 
.| Popu- gor es 
State Source Mile blag flor ane 
ee served o08 
Municipality gallons 
per day 
Supplies below community sewer outfalls 
Ellwood City__.-..------- Pennsylvania_| Slippery Rock Creek__| 21.5} FD 12, 000 2.00 
Mercer |. sa 04 2 at gles Ct a Otter Creek...-._---.% 48.5| FD 2, 200 | 
wounestown:s..c. 2 35.22 Obines uh Meander Creek Res- 62.5} LD 175, 000 10.70 
ervoir. 
1 A Olen an aR A “ 90s. 2-5 oh sag Oi esas ouce cus 52.5 LD 16, 200 2. 60 
Other surface supplies 
wZelionople:=..----_--_-<. Pennsylvania. i Sergece Scholar*} 32222. FD 2, 000 0.18 
un. 
HE VBMSDNP es). Je ot 31 Oe ae Wells, Likens Run-__-_]_----..- F 1, 600 .12 
Lice 7] ESS c ae eines oie ae at Gbree gs: 5 COnB ay HER RRAERe 61 | FD 30, 000 3.30 
‘reek. 
Amen vite. bo Oto ae Osc sk Impounded, _ tribu- |___.__-- FD 8, 500 .50 
tary of Little She- 
nango. 
Miruthergins +2. - 1°" oo Qhioge e122. impo ied Yellow |---:--.- FD 13, 000 - 65 
reek. 
ROMA GDR cay, oe ef (1 ae ee fo aR (5 0 peepeneeg NS le gd 8 Sa elie FD 13, 700 . 56 
—_==—S = 
Total: 
meow Sewer OuLaus tlt ar SPS eRe sect ace seu uae eee 430, 400 35. OF 
OFS Snecdees ate eboe quecmebee se ees ae ee te ee en OI eee 5.31 
(Petalewrnce Water supplied. a> .42-- 1 ooo Roll ocdeeace bene eee esen ale ers 499, 200 40. 88 


Sewerage.—Sewage from 515,700 people is discharged to the streams 
of the Beaver Basin. About 42 percent of this waste is treated. In 
the Pennsylvania section of the basin practically all sewage is treated, 
the principal exception, New Brighton, discharging only about 1 mile 
from the mouth and being primarily an Ohio River problem. On the 
Other hand, in the Ohio section of the basin, 285,800 out of 321,500 
discharge sewage without treatment. Almost all of this waste enters 
the Mahoning River in the 25-mile stretch from Warren to Lowellville. 

_ There are 35 sewage-treatment plants in the basin, 17 of which pro- 
vide primary treatment and 18 of which provide secondary treatment. 
wenty-six of the plants are in Pennsylvania and’ only nine are in 
io. ; 


TABLE B-3.—Beaver River Basin: Source of significant pollution, including indus- 
trial wastes, expressed as sewered population equivalent (biochemical oxygen 
demand) 


Sewered popula- 
tion equivalent 
Popula- (biochemical 
Municipality State | Receiving stream | Mile! acetal Treatment | O*¥een demand) 
to sewers ‘ 
Un- Dis- 
treated |charged 
New Brighton_________ Pennsyl- | Beaver River------ | 3 9,000 | None___-..- 9, 000 9, 000 
Beaver Falls_._________|__ > seme a geet eR es a 4! 19,000 | Primary..-| 19,000} 12, 400 
MOTTON egies. ee Yen do: ss Shenango River---| 44 14,000 }.--do:--3.-- 14, 000 9, 100 
POON or: ee a 7, Fs aaeeaaiesl tact es (ae ess 45 20, 000; Pee AdOee 25 27,000 | 17,500 
Sharpsvillen: 3 2.05 als ARON Na ea es 49 5,000 | Secondary. 5, 000 
Greenville:< 257-9 ee ee 7s (rp Ad ee ete Oa | 69 8, 500 


Primary--. 8, 700 5, 600 
1 Miles above mouth of Beaver River. : 
90035—44—pt. 2 18 


\ ) 
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TaBLE B-3.—Beaver River Basin: Source of significant pollution, including indus- 
trial wastes, expressed as sewered population equivalent (biochemical oxygen 
demand) —Continued : ; 

t | Sewered popula- 
tion equivalent 


: Popula- (biochemical 
Municipality State Receiving stream | Mile tion Treatment | oxygen demand) 
connected 
to sewers 
Un- Dis- 
treated /charged 
Nar Castigo zat Pennsyl- | Mahoning River__| 22 50,000 | Primary; 57,500 | 37,500 
vania t chlori- 
y nation 
Berauthors <280. vos @nlor25.. jiaece Goel sseseRe -| 84 11,700 | None.---.- 11,700 | 11,700 
Loess SEY SEM 2 er See Re « (Tae (ee Aer OD Sig nd 35 CGS) ie Pa [a SA _ 4, 000 4, 000 
GWampiell 25.2 255.5 2) 3: SE EE Book Ta ep na NEEM 36 13,700} do: 2-123. 14,700 | 13, 700 
MOUNGEEGWho2cf-_ V5.2 OTe ence ip eR an ay pp ang Bo £405. VBe700s 00s sto 260, 500 | 260, 500 
(29092. pe Aaa lala ipa eee Pepe COT ees le ses COs Sora 44 Uy 100 *ts== 005.528. 64,700 | 64, 700 
5 LUT RE Sara A cores Seen eee C. (cadena Ras ict Sarat ae 165200" |e 50020 ocr 16,200 | 16, 200 
Warren EP ao. sc cdis fe ri(o i esata oes OG ie As cee een 56 42,800 |.-.do_..... 56,800 | 56, 
Newton Falls____.-_-_-|-. - (3 Cs GA a Beanies 5 Cot PR Tk pt 76 8; 100: 00st 3,1 3, 100 
INNO R tes test Bole 2. 3! | eNarages 9) yp eee (ole plot eke de eT 101 22,000 | Secondary 22, 000 2, 200 
Ellwood City._.-...-.- Pennsyl- | Connoquenessing 14 10,500 | Primary 10, 500 6, 800 
vania. Creek. ne rina- 
ion. 
Tec fs fo ESSE reais Dae ape cf Nd haste La pe arte Be 57 27,000 | Secondary-| 31, 100 4,700 
MavOVMIOIby oss Se oe) he do_.....-| /Wolf- Creek. .22._- 41 CELL LIN Peet 0 Deen ee 7, 000 1, 000 
Lc glee, Saga "ees Cy eid Pt ta Neshannock Creek.| 48 2,500 | Primary--- 2, 600 1, 600 
Hhibbard 2500 te aa ses 5 Ohi0s.. 22 jor S Yankee 48 4,100 |--.do._-_..- 4, 100 2, 700 
“reek. 
Lois bl iti ae arsine aaa Mal ae (O(c pape 4 Fish Creek. ..-...- 107 3,500 | Secondary. 8, 500 500 
Oe BINGUeN SOULGOR oh s. 5558 iS csfUtl Shade sceusess [se -aene 26, 700 (3) 28,500 | 16,400 
Total: | 
Sd gd C1 SN EMR EN LE Se at ee RLS eae ee Ce S2h SOE see eo 472, 800 | 444, 300 
WOR MOUE VERO penton cua te ic lca. scr ote aoe tenasooe 194200 [ec ances 207,300 | 114, 100 
Pte ee Scary vaties.t oa eae Ab ata s She Gea ade 615, Oy] 2 2 lesz 680, 100 | 558, 400 


2 County sewer district. 
310 primary and 11 secondary treatment plants. 


Industrial wastes —Table B-4 summarizes data on the sources of 
industrial wastes by type of industry and method of disposal. The 
population equivalent of these wastes does not reflect the magnitude 
of the industrial-waste problem since the steel-mill wastes have no 
significant biochemical oxygen demand. The disposal of waste pickle 
liquor from steel mills in the basin is summarized as follows: 


Free acid! in waste pickle liquor 


[Pounds per day] 
‘ : Discharged 
State Total Neutralized without 
neutralization 
FOO ca oe ee eer eee aiok LO aCe eae a one ie ane 63, 000 3, 000 60, 000 
Pentima UA Rigel b. . 3 ay aie ddodau edu ann, See Obauean ae 18, 600 14, 800 3, 800 
PRGkH t= anc cnqnvacaaealon ET Beene Ley aegeera se 81, 600 17, 800 63, 800 


1 Exclusive of FeSO, which exerts some acid effect. 
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Tapie B-4.—Beaver River Basin; Summary of industrval wastes noi discharged to 
municipal treatment plants, with totat of entire industrial waste load in the basin 


Industrial waste Estimated 
disposal At least sewered 
Wiawrber ts el ce tS er anno population 
Industry of corrective equivalent 
plants ee Privaté verses (biochemical 
pa en oxygen 
sewers | Utlets demand) 
Brewing tooo 2 ie yt ues baea= 2 1 1 2 5, 
AY DFOGUCE COKE: < swiws Lon aot eos de on ees Tbs ee ep Ma 4 3 80, 400 
OATS ck loss) Zia ONaay Lape’: © Ue RAT get Reon Enid tates Se oe 4 1 3 Ail einadd Sac oe eae 
BS Eom fap TEAS Gar ee Pe BRK bp gt SRP es eet 2 > 14 SRO Es Soe 2 7, 200 
1 AACS cl Melee Sib Se cape siete erp Bt 3 1 2 2 3, 400 
SN ET Bilewen ie Sa ee Recs aa tees Sah s SAPS Sak 39 1 38 bh RO eg Te Te gc: toe! 
PIBCOHAMOOIS. oi = he. bocca Ye cen ono 22 3 19 10 56, 300 
Waste unconnected to municipal treatment 76 9 | 67 45 152, 600 
Waste connected to: municipal TrhAatmeN ts... Secon dn nce cecsudenanwncbonntepceeaenceen 11, 800 
Total. industrial waste in Dag. 96.5: ota age di apew nets eee wemdeeahsencocunne-ta 5. 164, 400 


As in the case of domestic sewage, the bulk of the organic industrial 
wastes and of the acid is discharged to the Mahoning River in the 
Youngstown area. 

Industrial water supply.—About 780 million gallons per day of water 
are used by the various industries in the basin and about 630 million 
gallons per day of this are drawn from the Mahoning River in the 
25-mile stretch from Warren to Lowellville. Relatively small amounts 
of this industrial water supply are used as boiler feed and in manu- 
facturing processes. Almost all of it is used as cooling water and is 
returned to the streams unchanged except for its increased tempera- 
ture. Since this water demand exceeds even the average flow of the 
stream, the water must be reused and the temperature increases tend 
to pyramid. During periods of low stream flow the water tempera- 
ture below Youngstown has risen often to over 110° F. 


PRESENTATION OF LABORATORY Data 


Table B-7 (p. 427) summarizes laboratory data on the Beaver River. 
Table B-5 shows selected data at some of the more important points, 
Except for the observations at the mouth of the Beaver, all the results 
were obtained by a mobile laboratory during June, July, and August, 
1940. The mouth of the Beaver was sampled in October, November, 
and December, 1940 by the laboratory boat Kishi. 

In cooperation with the State health departments of Ohio and 
Pennsylvania, taste and odor problems in the Beaver Basin were 
studied in November and December 1940 and January 1941. Labora- 
tory facilities at Mineral Ridge, Ohio, were made available through 
the courtesy of the Mahoning Valley sanitary district. Results of this 
work are summarized in table B—5A. 
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Taste B-5.—Beaver River Basin; Selected laboratory data 


AT gee oe fo Seager page Mahon- | Mahon- | Mahon- | Mahon- | Mahon- | Mahon- 
. ing ing ing ing ing ing 

ROCHON on no awe dem ol Below | Water- | Below | Above | McD. | Libert 
works, | Warren | Niles | via Niles 5 

River miles above— eat a Girard 
- Confluence with Shenango. 76 35.5 34 30. 2 29. 2 24.8 
Mouth of Beaver_.._--.---- 97 56.5 55 51.2 50. 2 45.8 
Period ies: - bss se July July- July- July- July- July 


| | | | | |X | 


Number of samples---------_-- 2 5 5 5 5 4 
Flow in cubic feet per second, 

sampling days —.-..-..---.:- 20 23 237 243 290 355 
Water temperature, °C____.-_- 26.0 23.9 5.8 25.4 6 24.1 
Coliforms per milliliter _.._-.-. 83 16 7, 100 86 2, 400 341 
Dissolved oxygen, parts per 

mas ees a 27 2.5 2.0 1.4 6.3 


Biochemical oxygen demand, 
5-day, parts per million. _____ . ; fi ; 2.2 


ca (clk Seg Be SE Repo eee rated keaton Mahon- | Mahon- | Mahon- | Mahon- | Mahon- | Mahon- | Mahon- 
ing ing ing ing ing ing ing 
POCA ON) tiesucchetcseteasese Division} Center | Sheet | Bridge, | Bridge, | Bridge, | Near 
a St., & Tube, | Lowell- | Edin- | Mahon- | Mouth 
Youngs- |' Youngs- wir ville burg | ing town 
River miles above: Lp sown | , town be 
Confluence with Shenango. 22 16 15 10.5 5.5 1.5 0.5 
Mouth of Beaver.__.._-_--- 43 37 36 31.5 26.5 22.5 2173 3 
ES Pa PT is ae Ee i July- July- July- July- July- July- July- 
August | August | August | August | August | August | August 
Number of samples. __._------- 8. 8 8 8 8 7 4 
Flow in cubic feet per second, ; 

sampling days __...-..- Bi : 294 260 280 291 307 367 214 
Water temperature, °C. 27.2, 29.6 30.0 29. 2 26.1 25.9 23.9 
Coliforms per milliliter____-___- 450 11, 400 6, 100 186 62 71 31 
Dissolved oxygen, parts per 

LH «ee ae allel dR el aie ta 4.0 1.6 0.7 1.6 3.1 3.7 4.3 
Biochemical oxygen demand, ‘| ‘ + 

5-day, parts per million__-_-_- ; os 10.0 12.4 3.7 2.6 2.6 2.6 
Reigere eres se tS eae Shenango| Shenango| Shenango} Shenango} Shenango] Shenango} Shenango 
aU ety See J Riverside] Below | Mercer | Clark Below | Above | Below 

otel, New New 
Green- 7 Castle | Castle 
River miles above: ville 
Confluence with Mahoning_. 48 29.3 21 6.5 0.5 
Mouth of Beaver__..-_-_-_- 69 50.3 42 27.5 21.5 
Periggl tOsQee tot cele Ie re July- July- July- July- July- 
August August | August | August | August 
Number of samples .____------- 5 6 5 
Flow in cubic feet per second, 

sampling days. ._........... as 122 274 325 
Water temperature, °C_______! 20.8 22.:7 21.4 
Coliforms per milliliter _______- 41 98 58 
Dissolved oxygen, parts per 

Sa eater ined pe vik emi apa 7.6 7.8 6.9 5.9 6.8 
Biochemical oxygen demand, 

5-day, parts per million. _____ 3.6 3.4 3.3 6.9 6.4 
Srivers. ootussieta ste one. Beaver | Beaver | Beaver | Neshan | Conno- | Conno- | Conno- 

. Creek | queness- | queness- | queness- 
‘ {ua ) ing ing ing 
Creek Creek Creek 
MON oe 2 ee ods ktte Below | Eastvale,| Near Below At Below At 
New ‘Beaver | mouth | Mercer | Butler | Butler | Renfrew 
Castle Falls 
vee miles above mouth of 15.5 6.5" 1.4 46.5 57.5 54.0 49 
eaver. 
period sda! Se ee July- July- | October | August July July July 
August | August 
Number of samples..__.._-.-_-- 6 6 11 2 2 2 2 
Flow in cubic feet per second, 

Snmpling- days. 20258... 502 750 633 11 10 20 30 
Water temperature, °C_______- 24 23.8 15..2 20. 2 24.5 26.0 25. 5 
Coliforms per milliliter________- 437 10 802 330 5 ») 18 58 
Dissolved oxygen, parts per 

TE fa) MRS A ea ag 3.5 6.8 8.3 5.0 5.0 3.4 6.6 


Biochemical oxygen demand, 
5-day, parts per million_____- 8.8 4.0 2.6 23 Wi 6.1 3.6 
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Figures B-3, B-4, and B-5 show graphically the coliform, dis- 
solved oxygen, and biochemical oxygen demand results. These 
results represent the most unfavorable monthly averages. 

The laboratory data indicate clearly the grossly polluted condition 
of the Mahoning River in its lower 25 miles. The Beaver River is 
also polluted and the Shenango is in somewhat better sanitary condi- 
tion. Considering the high degree of industrial development, the 
large urban population, and the = stream flows, the situation might 
well be worse. 

With the exception of the small community of Linesville (which 
has passed a bond issue for sewage treatment), all of the towns in the 
Shenango Valley have sewage treatment. The most unfavorable 
results in this valley were obtained below Sharon where about. half 
of the sewage was being bypassed at the time samples were collected 
during remodeling activities at the sewage treatment plant. The 
area flooded by Pymatuning Reservoir was formerly a large swamp 
and the unstable organic matter in the swamp imparts an appreciable 
biochemical oxygen demand to the impounded water. 

In the Mahoning Valley, the addition of iron coagulants in the form 
of waste pickle liquors probably tends to coagulate and settle pollu- 
tion in the river. In addition, multiple industrial reuse of the river 
water, causing higher water temperatures and increased time of 
flow, affords excellent conditions for self-purification. During periods 
of increased flow and lower temperature, much higher coliform counts 
and somewhat higher biochemical oxygen demands than those observed 
would probably be found in the Mahoning and the Beaver. In fact, 
some of the highest coliform counts were the fall and winter ob- 
servations made at the mouth of the Beaver. 

In spite of the amount of pickle liquor discharged in the district, 
very few pH values found in the district were below 6.0. Only two pH 
values below 6.0 were observed in the June, July, August period of 
observation and two more below 6.0 were observed in the November, 
' December, January period when the taste and odor study was being 
made. In all cases these pH values were well above 5.0. 

Hardness in streams of the Shenango Basin and in the eastern 
tributaries of the Beaver was generally of the order of magnitude of 
100 parts per million. In the Mahoning Valley hardness values up 
to 350 parts per million were observed. 

Taste and odor survey.—The data (table B-5A) have been divided 
into two sections on the basis of the appearance of phenol in the Beaver 
at Beaver Falls. During the first period, phenol was present in the 
Mahoning River in the Youngstown area but self-purification had 
removed this pollution before the stream reached Beaver Falls, 
During the second period, due to lower temperatures and shorter 
times of flow, self-purification failed to remove the phenol from the 
river before it reached Beaver Falls, where it caused great difficulty 
in the production of a palatable water. ; 

The laboratory determinations show that large quantities of phenol 
were entering the Mahoning River in four different sections where 
_ byproduct coke plants are located. : 
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HYDROMETRIC DATA : 

Twenty-one stream gaging stations have been maintained in the 
Beaver River Basin at various times and 14 are currently in operation. 
Table B-6 shows monthly mean summer flows at 8 stations for the 
3 driest summers of record. Stream flow at Sharon and Wampum 
have been affected by the Pymatuning Reservoir since 1933 so the 
records shown in table B-6 for these stations do not represent con- 
ditions likely to recur. Figure B-6 shows the effect of the reservoir 
on the flow at Sharon. It also shows the flow in the Mahoning at 
Youngstown based on 18 years of record and the flow as it would be 
regulated by the proposed Berlin Reservoir. Figure B-6 indicates 
that the frequency with which minimum monthly mean summer 
flows have occurred is as follows: 


Minimum monthly mean summer flows 
in cubic feet per second that may be 
expected once in— : 


Location oe tc Sn ese a eae 
Mini- 
2years | 5years | 10 years. mum 
eee See ete A Uo tea Se Se i ote = Ge! SBOE, 9S 
Mahoning at Youngstown _...-.---------- Berg Sips Pee 2k lhe 133 94 75 47 
Mahoning at Youngstown (regulated by Berlin Reservoir)---.. 183 165 162 160 
Shenango at Sharon (unregulated at Pymatuning) ..----------- 54 33 21 7 


TABLE B-6.—Beaver River Basin—Monthly mean summer flows for years in 
which low summer flows have occurred 


eT 


MPO Sas LY Ta oes Fg a Mahon- | Mahon- | Shenango} Shenango 
ing ng 
i IES: “amir Che, DAS ae, vce ae e Serie anes etme © Warren, | Youngs- | Sharon, |New Cas- 
Ohio town, Pa. tle,Pa. 
Ohio 
River miles above mouth of Beaver_....-------------==-------- 56.5 41.8 45.5 24.3 
Drainage area (square miles) .._.................-.----ce--"-++- 599 


Period of reeord 


‘899 608 792) 
1924-35 | 1921-39 | 1909-38 | 1910-34 


po itis ro! ap ee amine Be Lene aie ONES Raxwoen 

Sf epee eet. aR ales Sa Sees Seman ee eee Tear ed! 1930 1930 1916 1933 
SRUD fet sa des ee t per second... 124 177 128 207 
ea ees Ra aca rae A RRS “RS eB ae 18 40 
TEL eRe BES aria hae aaa eee kee do... 35 47 7 18 
Sentertber:¢ oes Sis pias aa es a do..-- 37 26 
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TaBLe B-6.—Beaver River Basin—Monthly mean summer flows for years in 
which low summer flows have occurred—Continued 


a ed 6 i ee ase Ae See Gt Cun Betsey ane eeer aes Beaver |Mosquito} Conno- | Slippery 
Creek | quenes- Rock 
sing Creek 
Creek 
TeGpation <2 23s: VAek ee eC ER Wampum,| Niles, |Hazen Pa.| Wurtem- 
Pa. Ohio burg, Pa. 
River miles above mouth of Beaver__-__.----..----.------------ 15.4 51 23 18.5 
Drainage area, sanare miles. 22 en 8 Se 2, 235 139 356 406 
Period ofreckrds: 52.7 Ss er oes Sc oe is 1914-18 1929-39 1920-39 1912-39 
1933-39 ‘ 
PT pee leg Se ee Nee elie Seen S ee el sh Wi Nae tape ea ROG, oe Ria 1916 1933 1930 1930 
Tunes ch eee oa eet: cubic feet per second __ 1, 884 11.5 254 
» Ct bea oie a ET ie SA AE Se Che Se ARs Seas Seay pte 2.3 26 66 
MAripristi ioe: bt 3! Akt te Sa ERM Eh het oaks dosti: 167 = ll 35 
MODLBIND ATES = sare oceie be ees pees cea de es eee oak Conu12 153 «2 ll 40 
Wenbwnater iii prettier: -eeirerence 2) beh reer ves. at 1933 1934° 1939 1914 
Pune! eset Sh Pe ee et cubic feet per second __ 720 0.3 290 184 
1 (| 5 ORR SPREE Me IRE Out aes AE DGS a Ree Abs a3 2 139 67 
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' Proposed stream control—The Corps of Engineers has determined 
four sites to be most nearly satisfactory for flood-control and allied 
reservoir development in connection with the program for Ohio 
River flood control as follows: 


e n gs iets 
ver-miles mate 
Reseryoir St Duor | st mental pas nh 
ery ream mou orage.. reg’ 
: Beaver geese summer dis- 
River charge at 
project sites 
Cubic feet | Cubic feet 
Acre-feet | per second | per second 
Shenango River__......--- 54 127, 000 100 1300 
.| Mahoning River-_. 94 71, 000 113 3 160 
Harle Creek... icin... 65 48, 100 31 43 
Mosquito Creek_.--.__-__- 59 50, 000 34 35 


1 Includes effect of Pymatuning. 
? Under construction, 1942. 
$ Ultimate at Youngstown. 


It is assured that low-flow control will be made available in the near 
future by the Berlin Reservoir project, and, during the present 
national emergency, it is proposed to operate the reservoir primarily 
for low-flow control with flood control as an incidental feature. 
Plans for ultimate operation contemplate its use for flood control, 
with secondary low-water regulation. The Berlin project, operated 
in conjunction with existing Milton Reservoir several miles down- 
stream, will permit sustaining a minimum flow of about 250 second- 
feet in the Mahoning River at Youngstown, Ohio, during the national 
emergency period, and about 160 second-feet under the ultimate plan 
of operation. The Eagle and Mosquito Creek projects would be 


/ 
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_ capable of further augmenting discharge in the main river as well as 
increasing minimum flows in their respective tributary channels. 

The Shenango project, if provided, would be operated with due 
regard for flow regulation originating in the Pymatuning Reservoir, 
which is situated farther upstream. Proposed operations contem- 
plate increasing the regulated flow of the Shenango River by 100 
second-feet during the months of June to September, inclusive. 
Minimum regulated discharge at Sharon, Pa., which would reflect 
operation of both reservoirs, would approximate 300 second-feet 
during these months. 

, . Discussion 


Youngstown district—The Mahoning and Beaver Rivers are among 
' the most grossly polluted streams in the Ohio Basin, if not in the entire 
country. In the 25-mile stretch of the Mahoning from Warren to 
Lowellville, untreated sewage from 280,000 people, industrial wastes 
equivalent to sewage from an additional 150,000 people and about 32 
tons of sulfuric acid per day are discharged to the river whose flow 
has fallen to less than 50 cubic feet per second. A total of about 630 
million gallons per day (about 980 cubic feet per second) is used by 
the industries, principally for cooling water, in this same stretch of 
river with the result that the temperature rises to 30°-40° F. above 
normal during low-flow periods. ‘These increased temperatures 
hinder production and increase costs. At certain times steel produc- 
tion has had to be reduced because of low-stream flows. Increased 
- temperatures, also accelerate the decomposition of the organic matter 
present in the sewage and industrial wastes and reduce the amount of 
dissolved oxygen which the water can contain. Both of these effects 
tend to aggravate nuisance conditions in the stream. Complete 
depletion of the dissolved oxygen in the Mahoning was found at 
several points during the survey. 

Three public water supplies from the Beaver River are affected by 
all the wastes entering the Mahoning as well as the treated wastes 
which are discharged to the Shenango River. Taste and odor prob- 
lems are particularly acute at these places and even after very com- 
plete and careful treatment the finished water is often malodorous 
and unpalatable. 

Survey information on taste and odor determinations on the 
Mahoning River were released to the State of Ohio and served as a 
basis for phenol-control discussion with the industries. As a result, 
it is reported that the efficiency of phenol-removal measures has been 
greatly increased. | 

Sewage and industrial waste treatment is obviously necessary both 
to improve conditions locally along the Mahoning and to relieve the 
heavy pollution of the Beaver River water supplies. The intensive 
development of the river valley in the Youngstown area where in- 
dustrial plants and railroads occupy almost all of the available space 
will complicate the sewage-treatment problem. Complete treatment 
~ would be much more expensive than usual because of the difficulty of 
acquiring suitable sites. There seems to be no economic justification 
for attempting to maintain a dissolved oxygen level suitable for fish 
propagation in this stretch of the river. The high temperature of the 
river water would make the stream unsuitable for any fish native to 
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this area and the highly industrialized nature of the valley makes the 
stream unattractive for recreatiqnal use. 

Chemical treatment of sewage and such industrial wastes as can 
be effectively treated in the municipal plants together with a maximum 
of recovery and reuse of wastes at the byproduct coke plants (with 
particular attention to phenol removal), neutralization, or other treat- 
ment of acid wastes are essential elements in a practicable program 
for pollution abatement in the Mahoning Valley. 

Low-flow augmentation by reservoirs seems to be another essential 
part of any practicable program for improving the stream quality. 
Such low-flow control would reduce stream temperatures and bencfit 
industrial water users and would reduce the hardness of the water as, 
well as supplement sewage treatment and industrial waste corrective 
measures in the abatement of pollution from organic wastes. The 
benefits from low-flow control by the Berlin Reservoir now (1942) | | 
under construction are estimated at $251,000 annually, provided the 
entire capacity is used for flow regulation as is planned for the period 
of the national emergency. The approximate distribution of the 
annual benefits is as follows: 


Organic pollution abatement_-._..-----------+--4--5--+- ete $133, 000 

ndustrial water supply—temperature reduction and increased industrial 
activity. made possibleio.U 20). Sa 8d Bl We orb See ee ee 112, 000 
Tgriingsd tadtiction :. xuc. 54s be ke 2 ose Sh ee CS ee 6, 000 
ERG. 35 od akon note wks Re ee eee eae 251, 000 


Under the ultimate plan of operation, or after the national emer- 
gency, the reservoir will be used primarily for flood control. One- 
third of the reservoir capacity will be used during the off-flood season 
or flow regulation. Annual flow regulation benefits will then be 
reduced to $111,000. 
Additional flow regulation by Eagle Creek and Mosquito Creek 
eservoirs would have additional benefits. However, sewage treat- 
ment is necessary if full benefits are to be realized. Low-flow aug- 
mentation alone, or without the parallel program of sewage treatment. 
will actually have a detrimental effect on pollution conditions in the | 
eaver River because of decreased time of flow. This is particurlarly 
true as regards bacterial and taste and odor conditions. 
. No amount of flow regulation will entirely supplant sewage or 
industrial waste treatment measures but. will supplement them. 
n the case of the most troublesome type of industrial waste, phenols, 
ie regulation by the proposed reservoirs would have no appreciable 
ellect. | 
The Mahoning River presents a most promising situation for the 
advantageous use of low-flow augmentation. Monetary benefits are — 
substantial, and intangible values connected with any program of 
pollution control furnish additional incentive. However, due in part 
to the comparatively high storage costs experienced in this locality, 
even the Berlin Reservoir cannot be shown to be economically feasible 
for low-flow control alone. A multiple-purpose project has been 
shown to be economically feasible. : : 
* Treatment methods as outlined and maximum emergency period 
low-flow control by the Berlin Reservoir, together, would still not 
Insure the continuous maintenance of 3.0 parts per million of oxygen 
in the Mahoning which is regarded as a minimum necessary to prevent 
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nuisance conditions. However, such conditions would prevail only 
for a short distance and at infrequent intervals. The quality of the 
water-at downstream water intakes-would be greatly improved. 

Shenango Riwver.—There’ are no serious polition problems along 
this stream. All of the wastes entering the river are treated and flow 
regulation by Pymatuning Reservoir aids further in improving the 
water quality. Additional regulation by the proposed Shenango 
Reservoir would be of value, particularly in improving the quality of 
water in the Beaver River but the monetary benefit would be relatively 
minor. 

Other streams.—On the whole, the smaller tributary streams of the 
Beaver Basin are not heavily polluted. Almost all of the towns have 
sewage treatment facilities although a number of them are inadequate. 
In general, secondary treatment is indicated at these places. At 
Newton Falls and Craig Beach on the Mahoning between the proposed 
Berlin Reservoir and Warren and at New Brighton, the only sizable 
Pennsylvania town without sewage treatment, primary treatment is 
indicated. 3 

Costs.—The estimated cost of the suggested program of sewage and 
industrial waste treatment, together with estimates of the cost of 
existing works and of possible programs for primary or for secondary 
treatment of all wastes are shown in table B-1. 
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MUSKINGUM RIVER BASIN 
SYLLABUS AND CONCLUSIONS 
SYLLABUS 


More than 800,000 people live in the 8,040 square miles in eastern 
10 drained by the Muskingum River. About 400,000 are in urban 
Communities. Forty-six percent of the urban population is in the 
eavily industralized portion of the basin drained by the upper Tus- 
carawas River and Sandy Creek. In spite of the extensive efforts 
Made to abate pollution throughout the basin, a problem remains on 
© upper Tuscarawas and some of its tributaries. 
he lower Muskingum River and certain tributaries are considered 
excellent fishing streams. Natural lakes and the conservation pools 
at the recently completed flood-control reservoirs afford unusually 
$0od facilities for recreation. One of these, the Senecaville Reservoir, 
Cont be used to augment low flows for pollution abatement below 
ambridge, 
The larger streams, except the upper Tuscarawas, can be restored 
to or maintained in excellent condition at a reasonable cost. Further 
imited improvements in the quality of the more heavily polluted 
uscarawas and some of its tributaries seem economically justified. 


CONCLUSIONS 


(1) All but nine of the 94 public water supplies in the basin are 
derived entirely from underground sources. Only four of the surface 
supplies are from streams subject to pollution, _ 

ewage from 422,600 people and industrial wastes with a 
sewered population equivalent (biochemical oxygen demand) of about 
321,000 enter the streams of the basin. About two-thirds of the 
Sewage is treated, most of it receiving secondary treatment and 56 
of 84 industrial plants have taken some step to reduce pollution from 
industrial wastes. 

Laboratory studies indicate that the most heavily polluted 


Streams are in the northeastern part of the basin in the vicinity of 


anton, Massillon, and Barberton. 


rimary treatment of domestic sewage and removal of settle- 
able solids from industrial wastes should suffice to maintain satis- 


actory stream conditions below 8 of the 10 urban communities now 
discharging untreated sewage. At Newark and Cambridge secondary 
treatment is indicated. 
Primary treatment seems justified at 16 and secondary treat- 

ent at 18 smaller rural communities now without sewage treatment 
acilities, 

(6) Improvements or additions to existing sewage treatment plants 
are indicated at Canton, Mansfield, and seven other communities. 

(7) If the Senecaville Reservoir can be used for low-flow control, 
Primary treatment may suffice at Cambridge. 
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(8) The following summary of cost estimates are from table Mu-1, 


’ Treatment Capital cost | Annual charges 
OWS LAE eee re oa oe ote ss eee Rae ee eee oo $4, 550, 000 $440, 000 
Buggested additional.2....-..2.ss5-2:24-- Se ok 2s ee ee ee ee 5, 180, 000 535, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are: 


Treatment Capital cost | Annual chargos 
iprney eel piates 24 26 22 2a5 5 ests ges 55 — dace s eos cee $4, 370, 000 $450, 000 
Secondary, all places-_-_-_-- en ae ete te ese es he see ie ae 6, 200, 000 660, 000 


TABLE Mv-1.—Muskingum River Basin: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of 


plants Annual charges 


Popula- 
tion con- | Capital in- 7 


{ nected to4 vestment a 
\ 3 mortiza- | Operation 
Pri- |Second-| sewers tion and Jand main-| Total 


tae de, hain . | interest | tenance 
Existing sewage treatment--_------ 13 18 | 285,600 | $4, 550,000 | $287,000 | $153,000 | $440, 000 
Suggested minimum correction: it niet) a 
Sewage treatment plants_----- 23 20 | 136,600 | 2,650,000 | 185,000 | 105,000 | 290,000 
iegtired interceptors. 5. alse eee ok | ae ooo oes 2, 220,000°} 105, 000)\j-.-...2._- 105, 000 
Independent industrial waste 
WOPLOChION 5202s s eons eect cae oet. aes encaee 310, 000 40,000 | 100,000 | 140,000 
PLDURLS & x eet ete Sa aon See Se a eae 5,180,000 | 330,000 | 205,000 | 535,000 
Comparative cost: 
Primary treatment all waste.2|:-= =. 45. |-ec~e=-|-2-=2e-=5~ 4,370,000 | 270,000 | 180,000 | 450,000 
Secondary treatment all waste_|----._._]_.------|---------- 6, 200,000 | 400,000 | 260,000 | 660,000 
ABIIDCOSUOO 5 cee oh es Bee Shc ask SIS a aate ean 6, 180,000 | 330,000 | 205,000 | 535,000 
DESCRIPTION 


The Muskingum River Basin comprises 8,040 square miles of east- 
ern Ohio. The main stream is formed by the junction of its two 
principal tributaries, the Tuscarawas and Walhonding Rivers at 
Coshocton in about the center of the basin and flows south for 110 
miles to its junction with the Ohio River at Marietta. The larger 
tributaries are: 


t 


Distance above 
mouth o: 

: Drainage area 

Tributaries cy rua leg (square miles) 

(miles) ; 
BNORIDE SAV OD Oe ane o 6S. boca oe oe aad Sura eec ant anne toeeos 75 790 
Vale @LOOK, Vol, .c oSeee aces koune oot oat ane ae tome iene e eee oe 99 850 
Wialhonding’ Rivert: sis) sees aust ors pee eae. ee pec 110 2, 250 
CRIA WHS I VOl 22. soto a aks 2 oe VE ee eee Meek a 110 2, 590 
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There are 25 urban communities in the basin and the population 
density is slightly more than 100 per square mile. The populations of 
the larger cities and of the basin as a whole for the past 30 years are 
tabulated below. 


Populations 
1910 1920 1930 1940 
Ln DISBS Sa aae eral ek M SoNeee  a e eee Be ee Mkts eS 
Larger cities: : 
CONG) to RI aa once SER anc ep a 50,217 | 87,091 | 104,906 | 108, 401 
MANOSONGS 2 OS iy EP Ua lS tea TE Ee 28, 026 29, 569 36, 44 37, 
FNOCTCITl eet PRG A  Ty MIRE ON, Rohit See Lee 20,768 | 27,824 | 33,525 87, 154 
Owatk. se) artes tk See ae DTS OST OS OE Lis 27d 25,404 | 26, 718 , 596 31, 487 
1 ENT GY: Oe een Be ay RE See ee! Fa 18, 879 17, 428 , 400 26, 
Bisehortin ros sfc ce ee eee 9, 41 18, 811 23, 934 24, 028 
Entire basin: 
MIP a Ee 3 sett) Cee I STs 381,840 | 384,460 | 387,879 | 413,578 
i ae Seas amon” SSeS aie cas a Pee eee Te 2 239,011 | 317,620 | 389,687 | 398, 450 
init ciete luo Meera hss tetany 620, 851 | 702, 080 | 777, 566 812, 028 


Much of the basin, particularly in the northern and western parts, 
1s fertile agricultural country. The eastern and southern portions of 
the area are more hilly and agriculture is less prosperous. Coal 
mining is important in these sections although production is generally 
on the decline. The principal manufactured products are steel and 
other metals, metal products, machinery, and clay products. 

_ Water uses-—The Muskingum has been canalized by the construc- 
tion of 11 locks and dams which maintain a navigable depth of 5 feet 
for 91 miles from Marietta to Dresden. The facilities are not used 
extensively. There are no important hydroelectric developments in 
the basin. 

A system of 14 reservoirs, primarily for flood control, constructed 
by the United States Engineer Department for the Muskingum 

onservancy District at a cost of $45,000,000 was completed in 1938. 
It has since been taken over by the Federal Government and will be 
Operated as part of the system of reservoirs for flood control on the 
Ohio River and its tributaries. Eleven of the reservoirs have per- 
manent pools. These pools and adjoining land have been leased to 
the Ohio Division of Conservation for development as fishing and 
recreational areas. Data on the capacity of the reservoirs and the 
area of the conservation pools are tabulated below. 


f 


Storage (acre-feet) 


a a ete eel Area oficone 
No. Reservoir Stream i Gees 
onserva- | (pool-acres 
Total tion 
eg na coe Meee! BES 

eRe ee | em ao a Tndiatr Rorkso. hss o-oo ace 49, 700 23, 600 1,540 
2| Beach City_.....22272777077 Sugar Oreck....._.. 71, 700 1, 700 "420 
3 | Bolivar__.____ Sandy Creek---- 149, 600 0 0 
4 | Charles Mills. Black Fork. .--- 5 7, 400 1, 350 
5 | Clendening___ ...| Brush Fork.-------- 54, 000 27, 900 1, 800 
6 OWerr ee = Sie | uscarawas River. 203, 1, 000 350 
a eeesvilerser t's bg. 2 McGuire CreeK ..----------- 37, 400 19, 500 1, 000 
og Se ek Walhonding River_.-------- 285, 000 0 0 
ie Mohicanville..__--________- LakevWork.:.:1i20-24) 4. 238 102, 000 0 0 
WIN fi cao POV 7 ae See Stillwater Creek------------ 65, 000 33, 600 2, 270 
11 | Pleasant Hill... Clear Fork. 2. Ste eee 87, 700 13, 500 850 
a Benecayille....___-...2.-- Seneca Fork_.-------------- 88, 500 43, 500 8, 550 
~ elapppie ce. 6. fe Little. Stillwater Creek_____- 61, 600 35, 100. 2, 350 
So WIS Oreos ye 2 ns VT COIOGE te con eae ne 196, 000 6, 000 900 


a 
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These conservation pools, together with Buckeye Lake in the south- 
western part of the basin and the numerous lakes in the vicinity of 
Akron, furnish the area with unusually good water recreation facilities. 
Some of the streams also are used extensively for recreation. The 
lower Muskingum and Wakatomica Creek are considered outstanding 
fishing streams. 


PRESENTATION OF Fietp Data 


Figure Mu-1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figures Mu-2 and Mu-2A 
show similar data and, in addition, the location of water supply in- 
takes subject to pollution and laboratory data on coliform organisms, 
dissolved oxygen, and biochemical oxygen demand. 

Publie water sur plies.—Eighty-five of the 94 public water supplies 
in the basin are from underground sources. These supply almost 
75 percent of the total population of 471,200 served by water supplies. 
The underground water is generally satisfactory in quality although it 
is usually hard and sometimes must be treated to remove iron. Of 
the nine surface water supplies, only four are from streams subject to 
pollution. Table Mu-2 shows data on the surface water supplies 
of the basin. 


TaBLeE Mvu-2.—Muskingum River Basin: Surface water supplies 


Dictite lowes 

; s opula- |jsumption 

Source Mile | Treat. tion | | (auillion 

serv gallons 

Municipality per day) 

Supplies below community sewer outfalls 
Newark. _..-..-. North Fork Licking River--....-------------- 107 LD 35, 000 3. 20 
Cambridge_.__-- WIR ORBGRE {2a ges CPE ee reed 2. eure sees 155 FD 15, 000 1. 25 
Dennison-_---.-- Stillwater (reek iio nas ce wn ae eee 160 FD 10, 000 2.00 
Marietta. ..-.--- Muskingum River and Wells. -..------------- 2} LD 14, 500 1.60 
ee 
Other surface supplies 
Ashland __....-- Jerome Creek, Long Creek__...--------------- 185 lpi 12, 000 0.75 
- Crooksville.....- LST C TPs (0 (ors MAELO aN ae See eee pe eer oe | i FD 2, 300 -10 
Mew Ounce ice rooked Oreck 4.2! 047 22232) bales te sashes lo D 1,000 . 08 
Massillon. __._-- Wells and Newman Creck......--------------]_..----- ILD 26, 600 1.50 
Barberton___.... IN OUDIE sods. 2 th oe tact on ot sac aoe aa ase FD 24, 000 1. 50 
Total: 4 

PoC IO BORP DESO UI Go oi a wc oie cin enneen® donee manner aiene sea 74, 500 8.05 
Seen SE th geen, oa. tae. ott on Sa oe ween aaa es eS AS See OS ok 65, 3. 93 
FUT SLICE WE POL SUD DMO. tutta oe awe ons Seen eenaue wet sce cbeses cece! 140, 400 11. 98 


1 Miles above mouth of Muskingum River. 
2 T=Iron removal, L—Lime, soda softened; F=Coagulated, settled, filtered; D=Chlorinated. 


3 Softening plant under construction. 
4 Infiltration gallery. 


A number of the communities which now use underground water 
exclusively are having difficulty in securing adequate supplies. Out- 
standing among these are Canton and Mansfield. In both instances 
heavy industrial drafts on the underground supply complicate the 
problem. Both of these cities may be forced to develop water supplies 
from surface sources. 


FIG. mu-2 
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Sewerage—Table Mu-3 shows the sewered population at each of 
the more important sources of pollution in the basin. About two- 
thirds of the total sewered population of 422,600 are served by sewage 
treatment plants. Thirteen primary treatment plants serve 78,700 
poems and 18 secondary treatment plants serve 206,900 people. 

he largest communities without sewage treatment are Zanesville, 
Newark, Cambridge, New Philadelphia, and Coshocton. 


Taste Mvu-3.—Muskingum River Basin: Sources of pollution, including industrial 
wastes, expressed as sewered population equivalent (biochemical oxygen demand) 


. : Sewered popula- 
ree pa ag tion equivalent 
mouth | lation Wee Fe 2 a 
Municipality Stream of con- Treatment vee eae 
ine — rd 
= So pe Un- | Dis- 
River | sewers treated | charged 
McConnellsvitle_..-| Muskingum River_..-.....--- 48 1,700'}° None:2. 2.222: 3, 400 3, 400 
ZADOSTUNGS. c= oe at} = 52 GO sacee detest xtinas Seas 75 | 30,000 |--.-- do-..22=...2} +36; 300 |--36,300 
gh ees Memes O06 ee SR SAS 92 800 d 81, 000° 
Goshoeton.... {4°- ==)... Be Se ee Se a 109 | 10,000 128, 100 
Newcomerstown..-.| Tuscarawas River-....-.-.----- 132 4, 000 4, 000 
New Philadelphia__}--__- 0 Sea fe ee ea Sa 164 | 11,000 14, 400 
Dover pt 168 9, 000 11, 000 
Massillon_. 198 | 28, 000 23, 200 
Barberton. 219 | 21,500 19, 800 
Newark 105 | 29,000 42, 000 
Granville. : . £34 514.2 Raccoon Oreck. 222 cess is 113 2, 500 400 
Cambridge-__-__._--- Crooked Creek, <.__ 2 see sc 154 | 12,000 12, 000 
enOsueE ss: ooo, J Sr Killbuck Creek... -1.2.-.----. 169 | 10, 200 5, 100. 
Mount Vernon__.-.| Kokosing River_...._..-.-.--- 160 9, 500 6, 300 
MSDN ee debome Works 6 Fy fo. 2S 183 | 12,000 1, 900 
Mansfield :-.:.-o..}; Roeky Forkice. 252-4 ko 187 | 40,500 4,900 - 
BHA see sacs Bingo POEs Go. en: cua 225 6, 000 900 
Dennison... ..-.. Little Stillwater Creek. ._.-_- 159 4, 300 4, 300 
Uhrichsville___..._- Stillwater Creek____.-..----.. 160 6, 200 6, 200 
Canton 22... 225--. fy) Nimispilien-Oresk: 2 eta ost 203 | 119, 000 2, 50u 
Louisville. --.4...-.- “— I gure Nimishillen 211 3, 300 400 
Dreek. 
Minerva-w3. 3227) Bandy. Oneeke 2 1\-i tos? use 209 2, 700 1, 800 
Marshallville. ___..- Red Huns cei. bese ke 220 100 6, 000 
RAGGINAT nla =o coos: b RT ROR DUN es sat, aoe Vee 221 2, 800 15, 600 © 
Wadsworth...____-. Blockers Oreek:ciici- hy. 3259 224 6, 200 1, 000 
Orrville 82 en Little Chipge se Creek.__.2-.- 231 4, 500 1, 500 
Chippewa Lake.__-- Chippewa Creek:........-. -- 232 | 2,500 400 
OS -BRGRICE SODTORS fc he eet Be Lees oaes ee 33, 300 30, 800 
Powe. 2, wae ve A ae ait 499/600} £202 2 2228 743, 200 | 492, 200 


18 places have primary treatment and 8 have secondary treatment plants. 


Industrial wastes —Four strawboard and paperboard plants account 
for almost 75 percent of the total population equivalent of 280,500 of © 
all the industrial wastes in the basin not treated at municipal plants. 
The larger steel plants, concentrated in the northeastern part of the 
basin around Canton and Massillon have taken steps to dispose of 
waste pickling liquors. An alkali plant-at Barberton discharges large 
quantities of inorganic salts which greatly increase the hardness of 
the Tuscarawas River. Table Mu-—4 shows data on the industrial 
waste producing plants. 
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Taste Mvu-4.—Muskingum River Basin: Summary of industrial wastes not dis- 
charged to municipal treatment plants with total of entire industrial waste load in 
the basin 


Industrial waste At least Estimated 


disposal : sewered 

Number scene population 

Industry 2 ; wana tiv oA le 

plants | Munici- ; iochemi- 

Private | measures eal oxygen 

sewers : demand) 
TEES Ll EEY Ts StS 2) 3 a es a A a a, Si Se 3 OF enced 3 7,100 
SUPT OCUOb CORO cise sds ceed doce e stax sini aestcene Dalle piatragaraes 2 2 14, 200 
1s 1 (AR SRO ORES ie a aR ee MR SID 8 rT 7 7 17, 500 
Jit 2 6 Cay och eee eee t ) BMS Sa f0 ae ee pat ge et ee 28 24 6, 300 
Repent wae. eee wb oe ae rh ie ae a Sees 2 2 11, 400 
BPR esate Ot Se ee ob eect eect i ee eee ee 4 2 210, 000 
PU OOINE Cer a Fe Sa oe rl et oak Qe tece cake See ah li 1 10 (0 (ee ae, ane 
MANGBUEROOUSS o722 oh woud s5.3u ub bosses 26 10 16 ll 14, 000 
Wastes unconnected municipal treatment__- 84 15 69 56 280, 500 
MVnELoe CONMECleR LO MIUMCIDAl TredhmMOn ts ol. ow ksecsn cons stbsceat cle no cen cbo- et Kaos es 40, 100 


PROMMUDeUSLEGL WHSte TH DASIN 4) 5525 oc nic cogsesdnte as cand Sencenpeaasuatewsesnaas 320, 600 


Acid mine drainage.—Moxahala Creek is the largest acid stream in 
the basin. Some of the small streams in the eastern part of the 
basin also are acid. The mine-sealing program has reduced the 
amount of acid entering the streams of the Muskingum and Hocking — 
Basins from about 215,000 tons per year to about 125,000 tons per 
year. Most of the abandoned mines have been sealed. 


PRESENTATION OF LABORATORY DATA 


The results of the dissolved oxygen and biochemical oxygen demand 
tests in the Muskingum River Basin showed generally good conditions 
at the time of sampling. Average dissolved-oxygen contents were 
usually over 6.5 parts per million and 5-day biochemical oxygen 
demand generally less than 3.0 parts per million. Coliform organisms 
apa high, averaging over 100 per milliliter throughout most of the 

asin. 

Summaries of the laboratory data are presented in table Mu-—7 
(p. 454) and selected data on the main stream and its tributaries are 
shown in table Mu-5. Observations were made at the mobile labora- 
tory during April, May, and June, 1940, supplemented by observa- 
tions from the laboratory boat Kiski in May to September, 1940 in 
the lower end of the basin. Figures Mu-3, Mu—4, and Mu-5 show 
the average coliform, dissolved oxygen, and biochemical oxygen 
demand results at various stations. Where observations at any point 
extended over more than 30 days, the most unfavorable monthly 
average is shown. 
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Taste Mvu-5.—Muskingum River Basin: Selected labroatory data 


Rive 223s te eee Muskin-} Muskin-| Muskin-| Muskin-| Muskin-} Tusca- | Tusca- 
gum gum eum gum gum rawas rawas 
i Rn ae DP eg UA a At Mari-| Below Below Below Below | AtCo- | Below 
etta McCon- | Zanes- | Dresden | Coshoe- | shocton | New- 
nells- ville ton comers- 
ville town 
River miles above mouth of 0.2 47 71 86.5 107 110 128.5 
Muskingum. 
Period: 19402 A eye si August | August May Apel May May May 
ay 
Number of samples-_-------...- il 4 3 3 Sue’ 3 3 
Flow ia cubic feet per second: : 
Sampling days_..--------.- 2, 050 3, 140 6, 117 17, 433 3,215 1, 520 1, 430 
Minimum month: 2225-25 -|2- 22-2. 52 cM Ua hg atte BBO Ne eden eut tec ace 227° 
Water temperature °C ._.-.___. 26.4 24.9 15.0 12.5 17.3 16.7 178 
Heardnéss.-parts pen millions. o.}o:7222et ste leo sel cs cies 104 256 350 244 
Coliforms per milliliter. -....__- 13 85 89 16 43 43 53 
Dissolved oxygen, parts per 
Million sc Ae ot: 7.5 75 9.5 9.8 8.8 8.4 8.8 
Biochemical oxygen demand, 
5-day, parts per million_-_____ 2.0 2.6 2.2 1.8 be | 6.1 1.5 
Rivorsir. tess Te a Tusea- | Tusca- | Tusca- | Tusca- | Tusca- | Tusca- | Tusca- 
rawas rawas rawas rawas rawas rawas rawas 
Wocstiewak sateen eset SE Below Above Above Above Above Below Above 
New New Dover | Navarre | Massillon) Barber- | Barber- 
Phila- Phila- ton ton 
delphia | delphia 
River miles above mouth of 159 166 170 191 202.5 217 223 
Muskingum. 
Period; 1940. - Sas eee May- May- May- May- May- May- May- 
June June June June June June June 
Number of samples-------.___- 3 3 3 3 3 3 3 
Flow in cubic feet per second: 
Sneed 13 aie ee Seis, 2, 395 2, 395 2, 073 618 569 259 259 
Min mirth: oi Siine We ahacie aise ot pF) Pe RRR Pee AG NGA sen ey open tes € pe abate 
Water temperature °C________. 18.8 19.2 18.3 18.8 17.7 24°3 22:8 
Hardness, parts per million ____ Ga BE IR ARES Tk ee Pence Ree I |e eA Ee. 1 Ab0 IS See 
Coliforms per milliliter________- 191 389 114 1, 480 4, 050 889 380 
Dissolved oxygen, parts per 
saillign’ 51:57. 213.2 bots Spar] 8.5 9.1 8.2 6.1 4.0 41 6.8 
Biochemical oxygen demand, 
5-day, parts per million_-_____ 1.9 2.2 1.9 2.6 2.3 6.2 3.2 
Rivet. 245 eee Styx Chippe- | Lower | Nimishil|  Still- Still- Rocky 
, wa Chippe- len water water Fork 
Creek wa Creek Creek Creek 
Creek 
Loeationé <i 2.6. cet Saeco Below Below Below Below |} Above | Below | Below 
Wads- | Rittman] Orrville | Canton | Dennison} Uhrichs-| Mans- 
worth ville field 
River miles above mouth of 221 217.5 229.5 193 165 156.5 184 
Muskingum. 
Peridd, 19405:--.-.------------- July May- | May- | May- | May- | May- June 
; June June June June June 
Number of samples--------.--- 1 3 3 3 3 3 3 
Flow in cubic feet per second: 
Sampling days_..---------- 31 29 2 129 657 894 51 
MInimui MON. . 20 sf sot ee ee oS Pere pe ere eee : 0 10.6 
Water temperature °C_-.---._.. 18.0 20.8 20. 2 20.2 19.5 19.5 20.8 
Coliforms per milliliter------.__ 240 8, 220 8, 970 6, 650 96 70 15, 700 
Dissolved oxygen, parts per 
Brian coe | Se et 7.7 3.6 4.7 3.5 7.9 7.6 5.0 
Biochemical oxygen demand, 
5-day, parts per million--____ 7.6 10.5 7.4 115.2 1/2 1.6 11.7 
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TasLE Mu-—5.—Muskingum River Basin: Selected laboratory data—Continued 


Te hid pede PMB sapien) PS Se Se ig Jerome | Kokosing! Killbuck| Wills Wills —— Licking 
or 


Fork Creek Creek Creek 
‘ Licking 
UCT aa eS re Below Below Below Above Below Above Below 
Ashland | Mount | Wooster | Cam- Cam- | Newark } Newark 
Vernon bridge bridge 
River miles above mouth of 180.5 155.5 165 156.5 149 107.5 101 
Muskingum. ¢ 
155g (03s Sr Rg ae a aa June June May- May May April- | April- 
June may May 
Number of samples_-_...----- 2 3 3 3 3 2 3 
+ Flow in cubic feet per second: 
Samrling days-_-.-.----_---. 54 628 390 387 473 38 373 
Ein eabictre Maku n0ci 10) 5 | aap Regeg lane 5 PeeOR RE Ree ae n> CA ick Se eee gn See mre a 5 Ae iy copie te 2k 2 As aie 
Water temperature °C________- 19.5 20.8 18.8 15.3 16.0 13.5 11.0 
Coliforms per milliliter......._. 161 337 853 103 551 4 313 
Dissolved oxygen, parts per 
PAMUOU vite Stik ores ke 4.2 4.2 6.3 7.5 6.4 10. 6 9.2 
Biochemical oxygen demand, 
5-day, parts per million_-____. 1.4 2.2 2.4 2.3 3.0 2.3 2.1 


Average dissolved oxygen results of 5.0 parts per million or less 
were found only below Canton and Mansfield and along the Tus- 
carawas River from Barberton to Massillon. High biochemical 
oxygen demands were observed below Barberton, Rittman, Canton, 
East Sparta, and Mansfield. Coliform averages of over 100 ‘per 
milliliter prevailed throughout the basin at the time of sampling 
oa along the main extremities of the Licking River and Wills 

reek. 

Moxahala Creek was found to be acid with pH values of 2.5 to 
4.0 and phenolphthalein acidities as high as 290 parts per million. 

Throughout most of the basin the alkalinity of the stream waters 
averaged between 100 and 200 parts per million, and the hardness was 
generally in the same range although below Barberton hardnesses 
of several thousand parts per million were found. 

Stream flows were generally high during the time of the laboratory 
survey except in August and September. These stream-flow condi- 
_ tions undoubtedly tend to make the dissolved oxygen and biochemical 
oxygen demand results appear more favorable and the coliform results 
more unfavorable than would have been the case had the laboratory 
observations been made during the low-flow and high-temperature 
months. 

Boological summary.—The plankton volume of the entire watershed 
is fairly high, ranging from 1,000 to 10,000 parts per million in the 
main stream to somewhat less in the principal tributaries. The 
streams support a good mixed-fish population. 


HyproMetric Data 


Forty stream-gaging stations have been maintained in the Muskin- 
gum River Basin for varying lengths of time and 34 of them are cur- 
rently in operation. Many of these have been established recently 
in connection with the activities of the Muskingum Conservancy 
District. Table Mu-6 shows mean monthly summer flows during 
some of the low-flow years at eight selected stations. 
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TABLE Mvu-6.—Muskingum River Basin: Monthly mean summer flows for years 
in which low summer flows have occurred 


Wivopi: oats pee i a ee es eee eee Shes Muskin- | Nimishil- | Stillwater 
a as st Bore af'Diae | SEY lag 
(it) A tem, SEP ERE T ore res LER is CS Nae ae shapers ear + Dies t Dres- | At Nor t Ubrichs- 
eek OUR FS den Ind ustry ville 
River miles above mouth of Muskingum..---...---.--- 169 91 199 » 160 
Drainage area, square miles_-_.......------------------- 1,398 5,982 175 367 
Period of records... eigenen 8 aes g ke +5 <~55 =~ - 3S 1924-39 1922-39 1922-39 1922-39 
1932 1930 1932 1930 
357 1, 330 44.9 14.2 
486 717 52.0 4.6 
258 483 28.0 0 
188 544 30.0 0 
1930 1932 1930 1939 
409 1, 180 55. 8 274 
251 1, 600 31.4 152 
204 776 37.5 69. 6 
217 550 33.7 5.0 
1939 1939 1934 1932 
789 3, 581 63.5 31. 
648 2, 876 40.5 42. 
374 1, 622 68. 3 20. 
232 682 90.9 Sei 
——wwnaemawewnawwayawae_Geeeeeeeeeeeeeeeeeeeeeeeesesesesesesseeeeeeeeeeee”: 
Pilea Fi sR EI ED ee ESE TE SF Kokosing | K Sta Wills Creek] Licking 
ree 
bc Tapeh oF Dialed SAREE Serpette irene ne Tage At Mill- | At Kill- | At Birds | At Toboso 
: wood buck Run 
River miles above mouth of Muskingum._-_-________._- 143 141 127 93 
Drainage area, square miles- 22 1o2222-=-<.5 2-3. k a5. 472 466 730 672 
Peribd airocind§ 2 i540 bee ete ee he 1922-39 | 11924-39 1928-38 1922-39 
Bs SAS RR FeWite ee aya Oy ry aye a te 1930 1932 1930 1930 - 
ONGe oo Pak ee cubie feet per second_- 102 79.1 27.1 96.0 
SOly2 Se oe cae ON ete eat; OoRe 57.7 108 9.9 59.8 
ASTBUSC 55 so oe te Ser ee ate doz. 46.4 34.7 55.5 51.6 
Gopher bers oor ee ee Pe oe ea do:.3: 58.9 34.8 9.8 53.8 
PONT ue ok oS SO a hee cee et aa sae neh nn shee tae 1932 1930 1932 1932 
oT: a ee ee irate Sea ime soe cubic feet per second.- 99.0 106 55. 4 138 
Ci! 5 pe meer een eee eS Are SCE ads En ep Ie Oust 82.5 52.8 142 265 
FR Tr) RRS pe RE EP eR 2 eat aS Se do..s 48.9 35.6 75.7 70.3 
Beptain berst.s 3 dns ee ey do: :-2 46.9 39.1 24.2 62.7 
(cea Leer yae ene Me Saat Seka TONe RIP Beare 1934 1939 1936 1925 
“eM (EMSS GOeDES GRE ery cubie feet per second... 89.8 298 29,3 139° 
)Y SGENES Peres Sacre NCS Eels) wart 88. 9 126 56.1 223 
Da 7 StS ES Bae ES EBay Oo ssa2 89.0 71.7 93. 2 120 
BDU tC ee eon SEB Br do.__- 48.4 42.9 58. 4 63.0 


1 From 1924 to 1930 station was at Layland, 7 miles downstream, drainage area, 507 square miles, 
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Proposed stream control.—Three reservoir sites, in addition to the 14 
already used, have been studied by the United States Engineer De- 
partment in connection with the authorized program for flood control 
on the Ohio River and its tributaries. These sites are on Killbuck 
Creek, Wakatomika Creek, and the Licking River. The existing 
reservoirs are not being used at present for low-flow regulation. At 
those reservoirs with conservation pools, regulation is limited to the 
maintenance of conditions approximating those that prevailed before 
the construction of the dams. At those without conservation pools 

assage of low flows is unimpeded. The reservoirs could be used for 
ow-fiow regulation but the feasibility of such use is doubtful in view 
of existing recreational facilities which might be damaged by attendant 
fluctuations in reservoir levels, 


x 


Discussion 


In general, the streams of the basin, except some of those in the 
densely populated northeastern part of the basin and a few receiving 
acid mine drainage, can be restored to relatively high standards of 
water quality with available treatment methods at a cost which seems 
justified by the prospective benefits. In the northeastern section of 
the basin high standards of water quality cannot be achieved generally 
at economically justified costs with available methods of treatment. 
Lower standards of quality adequate to prevent serious nuisance seem 
practicable. Completion of the mine-sealing program will effect 
further reductions in the acidity of the streams. The bulk of the acid 
load is from active mines which would not be affected until sealing 
activities are modified to bring acid from worked-out sections of 
active mines under control. 

Primary treatment is indicated at 23 places and secondary treat- 
mies at 20 places as well as improvements or additions to 10 existing 
plants. , 

Tuscarawas River.—The greatest concentration of population and 
industry and the most heavily polluted streams are in the northeastern 
part of the basin where Canton, Massillon, and Barberton are located. 
The larger communities in this area have sewage-treatment plants 
but the residual pollution after treatment, together with the industrial 
waste load, grossly pollutes the rather small streams that drain the 
area. The alkali plant at Barberton has the most far-reaching pollu- 
tional effect of any industry in the basin. The waste salts discharged 
increase the bardness of the Tuscarawas River to several thousand 
parts per million in its upper reaches and make the river throughout — 
its oe so saline as to render it undesirable as a source of water 
supply. 

A paper plant manufacturing paperboard is located at Rittman 
where the receiving stream is very small. In spite of intensive efforts 
to reduce pollution which have resulted in recirculation of over 80 
percent. of the wastes and almost 90 percent reduction in the bio- 
chemical oxygen demand loading, the receiving stream is still heavily 
polluted. Steps should be taken to reduce the waste load further, 
after which continued effort to develop more efficient pollution-control 
measures is amply justified. , 
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The Barberton and Massillon sewage treatment plants provide only 
partial treatment and although the quality of the Tuscarawas River 
could be improved by more refined treatment, the additional expendi- 
ture does not seem economically justified until effective steps are taken 
to abate industrial pollution. Present water uses along the upper 
Tuscarawas do not demand very high standards of water quality. 

At Canton the sewage-treatment plant, though probably adequate 
to treat the municipal wastes, is bypassed frequently because of break- 
downs in the long trunk sewer leading to the plant. Methods of insur-. 
ing the continuous flow of wastes to the plant are being studied and 
corrective measures should be undertaken quickly. It may be found 
desirable to construct a new plant nearer the city. ; 

At New Philadelphia, Dover, Dennison, and Uhrichsville stream 
flows are higher and primary treatment of sewage and removal of 
settleable solids from industrial wastes should suffice to maintain 
satisfactory stream conditions. 

Muskingum River—At the communities along the Muskingum, 
where sewage is being discharged untreated, stream flows are large 
enough to permit the disposal of wastes with only primary treat- 
ment. At Zanesville, Dresden, and Coshocton primary treatment 
of sewage and removal of settleable solids from industrial wastes 
should be adequate. 

Three of the four paper plants, which account for two-thirds of the 
oxygen demand load from industrial wastes, manufacture strawboard 
and are located on the Muskingum River at Coshocton and Dresden 
where stream flows are relatively large. Recirculation systems or 
other measures to eliminate the discharge of settleable solids should 
be sufficient to maintain a satisfactory standard of water quality. 

Miscellaneous pollution.—In spite of the relatively new and com- 
plete sewage-treatment plant at Mansfield, the receiving stream,. 
Rocky Fork, a tributary of the Mokican River, is heavily polluted. 
General plans for the correction of the situation have been prepared 
involving additional sewers and increased plant capacity. 

At Newark, on the Licking River, and Cambridge, on Wills Creek, 
secondary treatment is indicated. Plans and estimates have been 
prepared for a complete treatment plant at Newark. Secondary 
treatment is also indicated at certain small communities where wastes 
are discharged to streams which are practically dry during a consider-- 
able part of the year. 

A large number of small cheese plants are located in the area drained: 
by Sugar Creek and Killbuck Creek. Only a few of these are access- 
ible to municipal sewers and a number of small industrial-treatment 
plants will be required. 

Low-flow regulation.—Cambridge, on Wills Creek, is the only com- 
munity requiring secondary treatment located below one of the exist- 
ing or proposed flood-control reservoirs. The Senecaville Reservoir, 
about 30 miles above Cambridge, has the largest conservation pool of 
any of the Muskingum conservancy district reservoirs. If the entire 
conservation capacity were used for low-flow control, it could provide 
a flow of 100 cubic feet per second at the reservoir and somewhat 
more than that at Cambridge (see table Mu-6) during the dryest 
year of record. Use of the entire conservation pool for flow regula- 
tion does not seem feasible in view of the recreational and other 
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development which has taken place at the reservoir. These develop- 
ments require a reasonably constant reservoir level during the sum- 
mer season and operation for flow regulation would conflict with this 
requirement. The determination of how much, if any, of the con- 
servation storage might justifiably be used for flow regulation will 
require an appraisal of the damages which would be caused by fluctuat- 
ing the reservoir level during the low-flow season. 

Table Mu-1 shows the estimated cost of the suggested pollution- 
abatement program, of the work done to date, and of programs for 
primary and for complete treatment of all wastes. 
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HOCKING RIVER BASIN ! 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Hocking River Basin (area 1,185 square miles) lies in the hilly 
country of southeastern Ohio. Of the total population of 113,000 
about 40 percent is in urban communities. Coal mining and agri- 
culture are the principal industries. None of the 16 public water 
supplies are taken from polluted streams. Some 48,000 people are 
served by sewers and about half of the sewage is treated. A number 
of the tributary streams are strongly acid from mine drainage. Al- 
though mine sealing has reduced the acidity, a high degree of restora- 
tion of these streams may be delayed until mine-sealing activities are 
modified to bring worked-out sections of active mines under control. 

The remaining pollution problems of the area can be effectively 
dealt with by known methods of waste treatment. Flow regulation 
by proposed flood-control reservoirs, while desirable, would not produce 
appreciable tangible benefits. 


CONCLUSIONS 


(1) All public water supplies are from underground or upland im- 
pounded sources and are not important factors in pollution problems. 

(2) Sewage from 48,400 people and industrial wastes with a popu- 
lation equivalent of 8,600 are discharged to sewers. About half of the 
sewage is treated. The industrial wastes can be treated in municipal 
treatment plants. 

(3) Laboratory results indicate stream conditions to be generally 
good in this basin. Pollution problems occur below Lancaster, Logan, 
and Athens. 

(4) Primary treatment of all wastes now discharged untreated to 
the main stream should be sufficient to maintain satisfactory stream 
conditions. Pending further control of acid mine drainage, primary 
treatment is probably the limit now justified on certain acid tribu- 
taries. 

(5) Secondary treatment will be required to prevent local nuisances 
below significant sources of pollution on the remaining minor tribu- 
taries. 

(6) The mine-sealing program should be revived and continued as 
far as practicable. Drainage from active mines constitutes an im- 
portant source of acid. 


i For maps of this basin see Muskingum River Basin. 
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(7) The estimated comparative costs of pollution-abatement pro- 
grams, as summarized from table H-1, follow: 


Capital Annual 


Treatment cost charges 
ISRMD I eRe okt ox ya ewart Lauda oie eran aakea care eee eae See eee ake $840, 000 $70, 000 
SNR GAGIIONAl: . < \soi0— dc wen occ bu ee eae te tere a cin cdbdaw~eusennade 620, 000 55, 000 


Estimated additional costs over existing charges of programs involving 
uniform treatment throughout the basin are: 


Capital Annual 


Treatment cost charges 
——--- A315 LSE Seats eS 
Primary. all Plaovs 227i Rol hee Re se Sheet eh Wes eee Sree Ye 590, 000 50, 000 
pecondery,,all Places 45 - 534. -Ts,--s ays fh eeetesinas lhe, 760, 000 75, 000 


TasLe H-1.—Hocking River Basin: Estimated cost of existing and suggested mini- 
mum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of Annual charges (dollars) 
plants Popala- oo 
raisi po eee vest- | Amorti- | Opera- 
connected) ment, | “yation | tion and 
Pri- Sec- | tosewers| dollars | and in- | mainte. | Total 
mary | ondary) terest | nance 
Existing sewage treatment--._____- 2 2{| 24,000} 840,000 | 50,000 20, 600 70, 000 
Suggested minimum correction: 
Sewage treatment plants__.___- 5 2 23,400 | 380, 000 27, 000 17, 000 44, 000 
Peed eredePerCONtOrs- 2. cass causso|ak<og-espauee serene 240, 000. |.- 11, 000_7..2.-..2. - 11, 000 
indenendent industrialsc-fo tol ceee 2 | tess Spe a3 Se see as ee ee ee Lh}... 
Waste correction..__......---- pd ae EN ne rn Ea eer || Seenee | Sore oe Pee 
Noli Enack 3 Sangin oy De ence Sed ky peel Sam porue pRer engl Se oe 620,000 | 38, 000 17, 000 55, 000 
Comparative cost: 
rimary treatment all waste_..|........|.-------|---------- 590, 000 35, 000 15, 000 50, 000 
Secondary treatment all waste__|_.......|-.------|---------- 760, 000 , 000 25, 000 75, 000 
Agsnugresteds.- ls cia it cL fies Bede |e se 620,000 | 38, 000 17, 000 55, 000 
DESCRIPTION 


The Hocking River drains 1,185 square miles of hilly country in 
southeastern Ohio and joins the Ohio River 15 miles below Parkers- 
burg, W. Va. The populations of the urban communities and of the 
basin are shown below. 


Populations 
; 1910 1920 1930 1940 
Urban communities: 
VEST SSN a ua ane ea Paes 7S thal eee 13, 093 14, 706 18, 716 21, 940 
VPGNGHS Fone sdee Sas T As. StL os ee Ge 5, 463 6, 418 7, 252 7, 696 
TASTE sie a rca apy = ae i mea 4, 850 5, 493 : 6, 177 
6, 082 6, 440 5, 5, 368 
New Lexington__- 2, 559 3, 157 3, 901 4, 049 
Me bnte pas se a ces) i ea Ue See 2, 527 3, 140 2, 903 2, 903 
Total basin: 
rr aa eh Se ape ene: ae net eene eee Sarees 74, 729 74, 512 63, 188 65, 422 
(TUN 0p: ep Ne. adit sie ei me pa Re Ua ae nL maa ot ee 34, 574 39, 354 44, 174 48, 133 


SRG Ree Aes aan Shan ts toe ae ut piss es soe tl 109, 303 113, 866 107, 362 113, 555 
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The population has not increased appreciably during the past 30 
years although the urban communities have grown. 

Agriculture and coal mining are the principal occupations. The 
coal fields in this area were developed early and production has been 
declining for some time. 

Water uses—The Hocking is not considered a navigable stream. 
There are no oe hogar PL developments.. Three small dams at 
Coolville, Guysville, and Athens furnish power for small mills. The 
upper part of the basin is.one of Ohio’s noteworthy recreational 
areas but it depends more on its scenic caves and forests than on its 
streams for its popularity. A few tributaries not affected by mine 
drainage and parts of the main river are considered fairly good fishing 
streams. 

Two flood-control reservoirs have been studied by the United 
States Engineer Department in connection with the authorized pro- 
gram for Ohio River flood control. These are near the mouth of the 
East Branch of Sunday Creek and of Clear Creek. Both would be 
relatively small since the drainage areas above them are only 32 and 
84 square miles respectively. 


PRESENTATION OF FIELD DATA 


Figure Mu-1 shows the location and magnitude of each of the more 
important sources of pollution in the basin. Figure H-2 shows 
similar data and, in addition, laboratory data on coliform organisms, 
dissolved oxygen, and biochemical oxygen demand. 

Public water supplies—Fifty-one thousand people are served by the 
16 public water supplies. All but two of these are from underground 
sources and neither of the two surface supplies is subject to pollution. 
Table H-2 shows data on these surface supplies. 


Taste H-2.—Hocking River Basin: Surface water supplies 


Treat-| Population | tion millie 
— P reat- opulation | tion, million 
Municipality Source Mile! sient 3 narvodl gallons per 
day 
Corning-...----------------.| Impounded and wells------- 62} FD 600 0. 02 
New Lexington__.----.--!--- Tmpounted =< = 5 es 110 | FD 3, 200 RAL 
Ge Rah pees Skee oa Sadie ee ee oe Re REISE 3, 800 13 


1 Miles above mouth of Hocking River. | 
2 FD=Coagulated, settled, filtered, chlorinated. 


2 Neither of these supplies is below community sewer outfalls. e 


Sewerage—Table H-3 shows the sewered population at each of the 
more important sources of grea About 48,400 people are con- 
nected to sewers and about half of the sewage is treated before being 
discharged to the streams. 
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TasLeE H-3.—Hocking River Basin: Sources of significant pollution, including 
industrial waste expressed as sewered population equivalent (biochemical oxygen 
demand) 


Sewered popula- 
Miles tion equivalent 
above | Popula- (biochemical 
Municipality Receiving stream re “enna? Treatment | 0Xygen demand) 
Hocking to 
River sewers Un- Dis- 
treated | charged 
PAGES] no Pee rs mek Bs Hocking River------ 35 7,000 | None__-_--- 11, 200 11, 200 
Athens State Hospital--_-_._]__--- on pearls SS 35 2; 000/|-=- > aot, 2 2, 000 2, 000 
Welsitiville js s.cos- seis tod |uses OLN atE eae aie 53 4,300 |----.do_...-_| 4,300 4, 300 
ee A Ra caine (idle hte teepiMaapals 67 5,600 |.----do._....| 7,200 7, 200 
7 Sep Pee Apap (pas (ln iat Sean gree OS 89 20,000 | Secondary.-_| 21, 400 3, 200 
Sunday Creek__.___- 56 2,000 | None______- 2, 000 2, 000 
Arney Runes st 2 5 95 1,100 | Primary. _- 1,100 700 
Rush Creek.._.....- 96 1,300 | None__.___. 2, 700 2, 700 
Mud Ruts: 2 - eek 112 1 00b neo 0. 1, 100 1,100 
New Lexington___ Little Rush Creek-_- 110 2,700 | Secondary... 2, 700 400 
OISIMaUGr SOUrCeS Le ot ben dacl oep toe be on tee ee eee Lk 1, 300 (8) 1, 300 1, 200 
Ota) set tis. etree ee en ee Se A ee oe 48 AOU} sabe ce ten ss 25 57, 000 36, 000 


1 Sewage treatment plant under construction at time of laboratory survey. 
2 Also drains to Jonathan Creek, tributary of Muskingum River. 
31 primary plant. No treatment at 8 other places. 


Industrial wastes—Two meat-packing houses, a brewery, a cheese 
factory, and a milk-receiving station are the only sources of industrial 
wastes in the basin. The brewery wastes are discharged to a munic- 
ipal treatment plant and wastes from the milk-receiving station are 
treated on a trickling filter. The other wastes are discharged 
untreated. 

Acid mine drainage damages many of the tributaries of the Hocking 
but does not affect the main stream. Most of the abandoned mines 
have been sealed to prevent further formation of acid. Figures are 
not available for the total acid load and the reduction through sealing, 
but the figures for the Muskingum and Hocking Basins together are 
shown in the Muskingum report. 


PRESENTATION OF LABORATORY Data 


Analyses of water from the Hocking River and its. tributaries were 
made at a trailer laboratory in October 1939 and April 1940, and at 
the Kiski laboratory during the period April-September 1940. 
Summaries of laboratory findings are presented in table H-7 (p. 480) 
and selected data are shown in table H-5. Coliform, dissolved- 
oxygen, and oxygen-demand results are shown in figures Mu-3, 
Mu-4, and Mu-5 (p. 446) on the basis of the most unfavorable monthly 
average where observations were for long periods and averages of one 
to three samples where sampling was for periods of less than a month. 
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TasLe H—5.—Hocking River Basin: Selected laboratory data 
Fa Se En EE A ek PE th a ef Or a ee ep A tl ey ee od gt ED vi AE 


Rivers 2 Zee A eee Hocking | Hocking | Hocking | Hocking | Hocking | Hocking 
Tip@mapit... 2 ecckl ot 6 af retin ce Above Below Above Below Above Below 
Lancaster | Lancaster} Logan Logan Helson- Nelson- 
ville ville 
River miles above mouth of Hock- 90.5 87.5 70.5 67 57 51.5 
ing. 4 
Bepiods 10806 ctocaeees ee eae October | October | October | October | October | October 
Number of samples-.--------------- 5 3 3 3 3 3 
Flow in cubic feet per second: 
Sampling €gy8 oe nl danke 8 9 52 52 65 
Winimuam months 2-2 2S" sss 12.2 DRS DS RE AE YEP Ue ad Se 
Water temperature, °C-.----------- 9.8 11.2 9.3 8.8 9.5 9.5 
Coliforms per milliliter__------ ep ee 84 41, 600 45 960 24 377 
Dissolved oxygen, parts per million. ere) 3.7 10.5 7.0 9.1 8.6 
Biochemical oxygen demand, 5-day, 
DAs Per NWMON ees oan ste = ee 4.6 55.9 3.2 4.4 2.5 3.1 
IVER ae oe ena are mone Hocking | Hocking | Hocking | Little Little Little Little 
Rush Rush Rush Rush 
Creek Creek Creek Creek 
Tocation 2iSiIOF = 92s 333528 Above | Below | AtHock-| Above | Below | Above | Below 
Athens | Athens | ingport New New Bremen | Bremen 
Lexing- | Lexing- 
ton ton 
River miles above mouth of 37 34.5 0.1 110.5 108.8 97 95 
Hocking. 
BORG o> es ck eee oe August | August | August | October | October | October | October 
1940 1940 1940 1939 1939 1939 1939 
Number of samples. ----------- 2 2 4 3 3 coe: 3 
Flow in cubic feet per second: 
Bampling Cavs. —.---..-5-~= 320 320 195 25 25 45 45 
Minimum month-.--------- 36.1 rs oie Ig RES eee ceed ELE ee SEES eR eRe Mee) I 2Y WEL EERE 
Water temperature, °C_-------- 22.8 23.3 25.4 6.7 qcid 10.5 10.3 
Coliforms per milliliter-_------- 68 5, 850 127 1 113 24 530 
Dissolved oxygen, parts per 
NUT) Rapti ee Se ee 7.8 6.7 7.6 11.4 Le 8.5 6.7 
Biochemical oxygen demand, 
5-day, parts per million- ----- 1.7 3.9 2A 3.3 7.0 2:1 4.7 


The laboratory observations indicate that -the major pollution 
problems in this basin occur below Lancaster, Logan, and Athens, 
with acid wastes complicating the problem below New Lexington and 
on Sunday and Monday Creeks. The dissolved oxygen in the streams 
at the times of sampling generally averaged over 6.5 parts per million 
at most of the points. The lowest observed dissolved oxygen was 
1.2 parts per million below Corning and averages of 3.5 to 4.5 parts 
per million were observed at Murray City and Lancaster. The 
coliform observations generally revealed more unfavorable pollu- 
tional ‘conditions than did the dissolved-oxygen results. The results 
on Sunday and Monday Creeks are influenced by the acid conditions 
of these waters. 

The biochemical-oxygen-demand results were generally below 3.0 
parts per million. Even below sources of pollution it did not exceed 
5.0 parts per million except in a few instances. The highest average 
was 56 parts per million below Lancaster. The oxygen-demand 
samples from those areas affected by acid drainage were neutralized 
and seeded to obtain an indication of the behavior of the oxygen 
demand under more normal conditions. These results are shown in 
table H-7 along with the other data. The oxygen demand of these 
acid waters was usually quite low and both the neutralized and un- 
neutralized samples gave results of the same order of magnitude, 
as arule. Where this was not so, the unneutralized samples usually 
gave the higher results, as might be expected where ferrous iron may 
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be present. Acid conditions were found at New Lexington on Little 
Rush Creek, Shawnee, New Straitsville, and Murray City on Monday 
Creek, and Corning, Glouster, and Jacksonville on Sunday Creek. 
pH values as low as 2.5 were found and phenolphthalein acidities 
as high as 1,400 parts per million. The pH values were within a 
range of 7.0 to 8.0 except where acid wastes were present. Alkalinity 
and hardness values in the normal streams were in the range of 100 to 
200 parts per million. 

Coliform counts observed above most communities were reason- 
ably low, except above Lancaster, Haydenville, Corning, and Athens, 
There is some evidence of self-purification in the reduction of coliforms 
from Lancaster to Logan, from Haydenville to Nelsonville and from 
Nelsonville to Athens along the main stream, although in the last- 
mentioned stretch it is not as well marked as in the other two. 

Biological summary—The flora and fauna of the Hocking were 
found to be comparatively low. The plankton volume was not more 
than 5,000 parts per million and the fish population consisted of 
only a few species and numbers. Sunday and Monday Creeks were 
found to be too acid to support aquatic life. 


Hyprometric Data 


Three stream gaging stations have been maintained on the Hocking 
River, two of which are currently in operation. Table H-6 shows 
monthly mean summer flows during the driest years of record at 
all three of the stations: 


TaBLE H-6.—Hocking River Basin: Monthly mean summer flows for years in 
which low summer flows have occurred 


leu aha SESS Seat) 2 a a ae ee: cae Meee? Bu Sey ea Hocking Hocking Hocking 


Socnilon: fects G235 Wei it ai Slo B.b tht aigsa sei - eee Lancaster, | Enterprise, Athens, 
Ohio hio Ohio 
River miles above mouth of Hocking River--.-..------------- 89 72 35 
DEAN ASG. anes (SQUALO IDI109) = ae anh odo awe de babes -Age-e sen 92.8 460 944 
cof AI EN(CT Tye tay 0 Sopa ara hiya Se ae ee ie Se cn atte! eee Selle 1923-32 1931-40 1915-40 
Reh tee el woe esd. 23.82 EO SAS Ee. eee 1930 1936 1930 
MUNBCRBOE Al oe aoe cubic feet per second __ 19.8 68. 1 77.8 
Tie ie SG Sop i die Tp es Ser eedr es aeumooe erie Oper doc. 3 12.5 88.7 52.2 
Na eS a eS  * SR pieeaa e eT dO. -c. 12.2 98.1 39.6 
BepiompersosteGn AL THis: 7 yea doit - 15.9 36.3 44.8 
Bal 3 Ucar St Rat eRe A apie eben aie Sei pls ase ot Ss SaaS EE OB 1925 1932 1925 
1a TS AP ae ena a a cubic feet per second _ 26. 6 112 128 
Sy Fe Shes DO ar sieht do-- 29.8 256 314 
URVINAR Decne ten i oe weds ote ok ete eee do- 56.3 39.9 191 
BO DiOlel soto 2 BS io 1 er re doz_s 12.3 57.2 51.6 
PEOMMis ois se Meee ee ore lg on co daenaeacne So 1932 1939 1936 
ac) Pee Pe Dee eae ood, Ce ae ee cubic feet per second 45.9 $22 110 
2 Lt tes aR geal wt pd aa Rap ae aaa pir ame AS Je oe 85.8 183 109 
MVisiah Pesan art). anaes 4 done. 17.3 140 116 
[LET A 67g A SR idl er aac dD. 15.1 40.3 58 
Discussion 


The Hocking River is not heavily polluted. The largest sources 
of untreated organic wastes, Athens, Logan, and Nelsonville, are on 
the main stream where stream flows are generally sufficient to prevent 
gross nuisances from their discharge. Primary treatment should be 
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sufficient to maintain good stream conditions at these points at all 
times. At Glouster the receiving stream is acid and, although dis- 
charges become very low, the provision of secondary treatment does 
not seem justified. At Bremen and Somerset, secondary treatment 
probably will be necessary because of the small size of the receiving 
streams. The treatment plant at the State Industrial School for 
Boys is inadequately designed and should be rebuilt. Industrial 
wastes can be treated at the municipal plants. 

Further reduction in acid mine drainage can be effected by a 
renewal of the mine-sealing program. A high degree of restoration 
of acid streams may be delayed until mine-sealing activities are modi- 
fied to bring worked-out sections’ of active mines under control. 

Increased low flows from the proposed flood-control reservoirs 
would be desirable but would have no appreciable tangible benefits. 
The estimated cost of the suggested pollution abatement program is 
summarized in table H-1. 
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KANAWHA RIVER BASIN 


SYLLABUS AND CONCLUSIONS 


SYLLABUS 


The Kanawha River drains 12,300 square miles of mountainous 
country in West Virginia, Virginia, and North Carolina. The area 
is rather sparsely settled except in the rapidly developing industrial 
area along the Kanawha River in the vicinity of Charleston, W Va. 
About 20 percent of the total basin population of 835,000 is urban and 
about one-sixth of the total population is in the metropolitan area of 
Charleston. Chemical plants in this section are the principal sources 
of pollution. Wastes from these and other industries and the un- 
treated domestic sewage from Charleston and its satellites account 
for more than 90 percent of the pollution load in the basin. As a 
result, in part, of the Ohio River pollution survey, working in coopera- 
tion with the State water commission and the State health depart- 
ment, studies are being made by the industries to determine the most 
practicable methods for abating this pollution and limited corrective 
measures have already been taken. Acid mine drainage damages a 
number of the tributary streams in West Virginia, particularly those 
south of the Kanawha and New Rivers. 

Most of the streams outside the Charleston area are relatively clean 
and, except in a few places, can be maintained in excellent condition 
by the adoption of available methods of waste treatment. This is 
particularly desirable because of the extensive use of the streams for 
recreation. Low-flow augmentation by reservoirs above Charleston 
would be a valuable supplement to waste treatment and recovery 
_ practices in correcting the organic constituents of the heavy industrial 
pollution in the Charleston area, Taste and odor characteristics will 
be improved to a lesser extent. Increased flow in the Elk River is 
desirable to insure the adequacy of Charleston’s water supply. 

The pollution abatement program in the Charleston area will 
involve sewage treatment and industrial waste correction. Because 
of the technical and often secret nature of the industrial processes 
involved, industrial pollution corrective measures are squarely up to 
the industries themselves. 


CONCLUSIONS 


(1) Sixty-five of the 180 public water supplies in the basin are 
from surface sources. Thirty-three of these, serving more than 
150,000 people, are from streams subject to pollution. 

(2) Sewage from more than 225,000 people and industrial wastes 
equivalent to sewage from an additional 1,490,000 enter the streams 
of the basin. Less than 25 percent of the municipal sewage is treated 
_ prior to its discharge. 

(3) Laboratory studies indicate that except for the Kanawha in 
_and below the Charleston area the larger streams are relatively clean. 
Several bad local situations were found on small tributaries. 
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(4) The major pollution problem in the basin, the reduction of 
industrial pollution in the Charleston area, is being studied by the 
industries and limited indicated corrective measures have already 
been taken. For several of the larger industries, this is a recent 
development resulting in part from studies by the Ohio River pollu- 
tion survey working in conjunction with the State of West Virginia. — 

(5) Primary treatment of domestic sewage will be sufficient to 
maintain satisfactory conditions on the larger streams except in the 
Charleston area. More refined treatment cannot be justified in this — 
area. 

(6) Secondary treatment is justified at a number of the communities | 
on small streams such as Princeton, Richwood, Pulaski, Wytheville, | 
and White Sulphur Springs. The streams at these places are subject | 
to extremely low flows. | : 

(7) Low-flow augmentation by proposed flood-control reservoirs — 
would improve conditions in the Charleston area. The Bluestone | 
Reservoir, now under construction, will be particularly valuable _ 
because of the large increase in flow which it could provide. of 

(8) Because of the uncertainties in regard to details of reducing 
industrial pollution in the:Charleston area, estimates of the cost of 
pollution abatement may be subject to correction. The following 
summary from table K-1 includes $1,270,000 for the capital cost | 
and $240,000 for annual operation costs of industrial waste control, 
the bulk of which would be taken by the chemical plants around © 
Charleston. - 


Treatment Capital Annual 


cost charges 
Woxisting) oe vA tC 7G. eH ai, eo eens $1, 300, 000 $115, 000 
Snewented additionale. 2 sec acts cn ss ees ccs epee AL eet - aS- = | 6, 270, 000 815, 000 


Estimated additional costs, over existing charges, of programs in- 
volving uniform treatment throughout the basin are: 


Treatment Capital Annual 


cost charges 
SI an ee aaa ae ee Se ah aa” Pe $5,890,000 | $770,000 
MOCONOETY AAT piacess.. Sorte a te ES Cars RRS ramet abe Seen aka. 25 = 7, 190, 000 890, 000 


Taste K-1.—Kanawha River Basin: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of 
plants Popula- 
on Capital 
invest- 
Amor- Opera- 
Pri- | Second- tl ment tization | tion and Total 
ry: 


Annual charges 


—- 


and main- 
interest | tenance 


— 


$80, 000 | $35,000 | $115,000 


Existing sewage treatment___._____- 


Suggested minimum correction: @qrege=. 
Sewage-treatment plants___.___. 175,000 | 115,000 | 290, 000 
Required interceptors. -....-.--- hea sus). os oath = anne 2, 530,000 | 120,000 |.-------_- 120, 000 
Independent industrial waste 

OONTOORION teat cet ee He tA | i 165, 000 
gi ET 71 Dae ap Res ea a pin Se: Se -see----- 6, 270,000 | 460, 000 

Comparative cost: 

Primary treatment ‘all waste. 2). 2 a ee | ete 5,890,000 | 430, 000 
Secondary treatment all waste__| ______- Speer pen Se eT 7,190,000 | 520, 000 


AM WORGESOC SC on ocs suck tk. 6 Fob Pa ee 6. 270,000 | 460, 000 
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DESCRIPTION 


The Kanawha River is formed by the confluence of the New and 
_ Gauley Rivers at Gauley Bridge, W. Va., and flows in a northwesterly, 
- direction 97 miles to its junction with the Ohio at Point Pleasant, 
W.Va. It drains 12,300 square miles of mountainous country, of 
which 8,450 are in West Virginia, 3,080 in Virginia, and 770 in North 
‘Carolina. The principal tributaries are: 


om Distance Drainage 
a Tributary above mouth | area, square 
oa of Kanawha miles 
os ‘ —._ $——$—$$$_— | ———_____— 
hn ‘ ie meant Ftv TSC LE COS. a OL LO. LAEEOIE: RLU TAG 58 1, 540 
LT eee 2 AS REE, AY SEER Rees y= eA ies 97 1, 440 
LSS able patiig RA sgh py lata a atleinah a fend ee aii papel ep taPaey ee keel 97 6, 920 
‘ SeponObiorwulver tsestgit bieecre. exe. Jie Pelee siasin ote ee 161 1, 500 
| ‘ 
F 1 Tributary of New River. 
Seventeen municipalities in the basin have more than 2,500 popula- 
tion. Eleven are in West Virginia and the other 6 in Virginia. The 
populations of the larger communities and of the entire basin are shown 
below: 
Population 
1910 1920 1930 1940 
J : 
; Principal cities: 
vs MERON POLI, Sy Veer Pee ea tao! Sinn seacoast oa s~ 22, 996. 39, 608 60, 408 67, 914 
‘ pe TaMienetthe Wis Vile ee ae at ene ca Ee 11, 188 15, 282 19, 339 20, 641 
SE RODIN Wy V@si oe ot ns aduieenceewmay aon -- one 2, 161 4, 149 9, 357 12, 852 
f Month 10 hurlesthy. Weve AF S2kiit ped. th | oer 3, 650 5, 904 10, 377 
aii Be IIS Sa a ea PSE 5, 317 5, 282 7, 168 , 792 
- PrineatOn- Wav aes ee cco e tas ee eT eS 3, 027 6, 224 6, 955 7, 426 
oo Beterd, pVeie cet oe et ee eB ta pa 4, 202 4, 627 6, 227 4 
< MrWyine a se ters ieee 3, 656 3, 912 6, 654 5, 815 
F. Maia, We Wears CS ee Oe ON ae on ae 4, 189 5, 266 
Od Wis Vacot oo Se ee i ere 3, 061 4, 331 5, 720 5, O51 
os iM ef 
Entire basin: 
ou Lol gaya ed et cai ara $B St cc et eee 468, 296 515, 079 580, 191 659, 327 
ap ULL aT CRS LSE Pee eel ope lea Sie WSO ed oe pete ab Sg Cb AGRE 56, 501 98, 180 147, 858 175, 518 


Sis "ee Cah SOEs AEN RE Rees Ree TMC OA BS 524, 797 613, 259 728, 049 834, 845 


: 

* 
2 ' The biggest concentration of population is in the Kanawha Valley 
- in the vicinity of Charleston, W. Va. Three of the above com- 
_ MInunities (Charleston, South Charleston, and Dunbar) are in this area 
which has developed recently as a major organic chemical manufac- 
turmg center. Coal mining is an important industry, the most impor- 
tant coal fields being south of the Kanawha and New Rivers in West 
‘Virginia adjacent to the Guyandot and Big Sandy Basins. In the 
western part of the basin, oil, gas, and salt brines are produced. 
Agriculture is handicapped by the lack of level land except in the 
stream valleys. Forestry, formerly an important occupation, has 
decreased in importance due to the lack of forest conservation prac- 
tices. Reforestation is now in progress on some of the timberland. 
Water uses—The lower 91 miles of the Kanawha have been made 
_ navigable for boats of 9-foot draft by the construction of three locks 
and dams. In 1939 about 4,000,000 tons of freight moved on the 
90035—44—pt, 298 


A Ji he a eee _* bs af: 
J . @ te Aen ee es ets, € Bear cs Val a Ao oes 
aie Wr oe Pa, ee ee ¢ - ~ ae x oo 
ws if ane : 
. . — 


i 
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river. ‘Traffic has increased steadily since the completion of the 9-foot — 
project in 1935. 

There are 10 hydroelectric developments on the Kanawha an 
New Rivers, the most important ones being near Byllesby, Va. 
(mile 295), Radford, Va., and Gauley Bridge, W. Va. ‘There are also — 
some small water-power developments on tributaries. The Kanawha — 
and New Rivers are among the best power streams in the Ohio Basin. — 

A number of reservoirs have been studied by the United States — 
Engineer Department in connection with the authorized program for 
Ohio River flood control and one project, the Bluestone Reservoir, is 
under construction. This reservoir, on the New River above Hinton, 
would aid in flood control in the Kanawha Valley and, in addition, — 
could provide a considerable amount of power and an increase in flow 
of more than 600 cubic feet per second during low-flow periods. ; 

A large part of the basin is well suited for recreational uses. The 
New and most of its tributaries, in Virginia and North Carolina; the 
Greenbrier, the Gauley, the Elk and the Coal in West Virginia are all 
used extensively for fishing, swimming, and boating. There are a 
number of excellent trout streams. Use of the lower Kanawha River 
is limited almost entirely to boating because of gross pollution in the 
vicinity of Charleston. 


PRESENTATION OF Firtp Data 


Figure K-1 shows the location and magnitude of the more important 
sources of pollution in the basin. Figure K-2 shows similar data 
and, in addition, the location of water supply intakes from polluted 
streams and laboratory data on coliform organisms, dissolved oxygen 
and biochemical oxygen demand. . 

Public water supplies —There are 180 public water supplies in the 
basin which serve more than 325,000 people. Sixty-tive of these 
are from surface sources and about half of these are from streams 
subject to pollution. Table K-2 shows data on the surface supplies 
of the basin. Four of these supplies, those at Charleston, Belle, St. 
Albans, and Nitro, are owned by one company and are interconnected. — 
They serve almost all of the communities in the most densely popu- 
lated portion of the basin. 


TaBLE K-2.—Kanawha River Basin: Surface water supplies 


Con- — 

Popu- | SUmp- |” 

: Treat- ; tion, 2% 

State Source Mile! | ment 2 aie million 

Supply gallons 
per day 
Supplies below community sewer outfalis “Rs 
\ 
Wirtlelde tea) tes 8 West Virginia... Kanawha River_._____ 32.3] F 3 

Nitio grt tees bated ags1 tO Nese dosisl . Naas as 44.2 FD 11, 500 
GUO 5 eee ere ln al es oe ft fr a eee Bee C0, = Sag 69. 6 FD 9, 000 
Ohelyans WSR sales Geet itts tied. (0 0 eda peptyd ach na 9 oa oR 73.6 FD 800 
Cabin, Crepk it 2k 5 ol oe ve ree bag Sena] (ae Gozieh 3. ee orb. 74.5] FD 100 
Oedar-Grove. ees ited ee Se 0 Ce Ra papas = peat 77.5 | FD 1, 600 
Pattyn Gir Git Te. Pn Paee ome ee | Weed qos. BEN 81.0} FD 400 
HignGdioy: ile Eee Niet (i ee ae Ae ef a SE ee 83.3 F 500 
Montgomery--__./_.-___|_______ ” (oe bein Ses EDR WO: geowuctan ee 85.4 | FD 3, 200 
Parowhod eos 44 oh bas i Pee eee ee Go: -+22o333- 0333 88.0} FD 1, 000 
MOU Dee re eet tier (5 (oe REESE ol bln cae OO cc cue sBiang oe unk 89.7] FD 1, 600 


1 Miles from mouth of Kanawha River. 
2 F=coagulated, settled, filtered, D=chlorinated. 
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Taste K-2.—Kanawha River Basin: Surface water supplies—Continued 


¥ Con- 
Popus. |) {Sa 

" Treat- : tion, 

State Source Mile ment nee million 

Supp! gallans 
pply Taser 


Supplies below community sewer outfalls 


Charlton Heights_--.--- West Virginia_..| K : nawha, small 93.0} FD3 100 0. OF 
| stream. 
Glen Ferris_._.......-. iy |e, ee 2 ' Kanawha River___-..- 95.6 | FD 400 | - 06 
Ces 5 a ieee eel REG FAQS New River:...22: i2* 116.0 D 500 OL 
119.0 D OL 
244.0 FD 7, 000 33 
286. 0 FD 400 .03 
46.4 FD - 25 
102.0 D 800 .03 
Bere s ko to ARS see ae ae Pond Fork Coal River.| 92.1} FD , 200 .07 
Onerleston: 52)... -i225 4h ese dé ek: ~, River-Kanawha 61.4] FD 85, 000 7.00 
ver. 

SsonOanin 2 <>. ..ssseeesfsco 6 ce Wik Rivers SA. see 79.2} FD 1, 300 -09 
Glave! A SEN Pa oS: Paes a AS SEAR (Seater eg 5 Ee 110.5 | FD 600 05 
Brniaon eS ec Be oc 00... ees Elk River-Impounded.} 110.5 | FD 100 . 02 
menpenwag 050s 23 ie J TR Hik- River...22202<. 152.0} FD 1, 400 .06 
LM CO a SEA lire a OP: - eee s| sex 100-22 991_4 BEEN 158. FD 1, 300 . 08 
ft Ee eae peas 1s [ps SS om River, small | 197.5| FD 1, 300 05 

stream. 
Ramee (ee 2 OY aA dd pee Greenbrier-New River} 161.5 | FD 7, 000 4 
sg anen) (Federal insti- |---..-- oF, aL Greenbrier River____-- 187.0} FD 700 10 
ution), : 
mldersons Ss.) AO du. eek do. 499%,) FRET 190.0} FD 1, 700 .10 
peaniceverts 12 io) eyo 21a Ciyrcn a8 SPSL pi aes GO ok Se ra 204.0] FD 2, 300 .14 
ewisbory ts. iene 1G 23 ewes | ot ce Golo tisk VAT 208.0] FD 1, 800 15 
so LG A ee eee ms |S SE ite RU Bluestone River__-..-- 225.5 | FD 100 01 
Total: : 
Below Sewer GUUGUB.-Jsscccbeueauchecd ot Se ee ER eee 151, 700 11. 33: 
ee Other, Suriape SUPDNAS oxi web oak <b iene eee ewe dce steak Soke a eet 49, 800 3. 76. 
Total supiace water: supplies. 252k. <2 eb. u to ee eee Be oe eee Se 201, 500 15. 09 
* Filtered, no coagulants. 


The drought of 1930 caused serious damage to the quality of the 
Charleston water supply. An epidemic of approximately 9,000 cases 
of acute gastroenteritis occurred. During this time, septic conditions 
prevailed in the Elk River near the waterworks intake due to decom- 
posing garbage and sewage. Bacteriological examinations of the 
filter plant effluent at the time showed the supply to be meeting the 
United States Treasury Department drinking-water standards. The 
Charleston supply has an emergency intake in the Kanawha River 
which was installed at that time and has not been used since. 

The St. Albans supply from Coal River is affected at times by 
backwater from the Kanawha. The chemical quality of the surface 
water supplies of the basin is generally good. In addition to serving 
as a source of municipal water, the Kanawha River furnishes more 
than 800 million gallons per day for industrial uses. 

Sewerage.—Sli Shtly more than 225,000 people in the Kanawha 

asin are served by sewers, almost 200,000 of whom are in West 
Virginia. About one-half of all the sewage comes from towns along 
the Kanawha River. Less than one-quarter of the sewage receives 
treatment prior to discharge. Two of the larger communities, Blue- 
field and Beckley, have recently installed sewage-treatment plants. 
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TasLeE K-3.—Kanawha River Basin: Sources of pollution, including industrial 
wastes, expressed as sewered population equivalent (biochemical oxygen demand) 


| Sewered pepula- 
tion equivalent 
(biochemical oxy- 


Municipality State Receiving stream |Mile! riorg gen demamd) 
Un- Dis- 
treated | charged 
Ltt wt ee eo eae West Virginia_| Kanawha River_------ 43} 4,000} None__._| 334,000) 334,000 
Bee Albans n6e05-2 3), sera. i? Fanebe River-Coal 46 de. 2 4,000), 4,000! 
lver. j 
Dem bari! ecs Js aps Lt GOL: ssi Kanawha River-.----- B2]"” 56,200)" S.do- a 5, 200 5, 200: 
Bonth Oharleston< «|! .-2¢d0_ 1/4 334) .--do___ ak <2 | &4 000}. ..do-____- 787, 000} 787,.000: 
@parleston_2s:2 = =--|s--<t G0 22 se ea River-Elk | 58 as | « ERS 70, 000} 70, 000: 
iver. 
IONIC > 2b ee soe C3 (0 eee err Kanawha River------- 70 *d6--4 338, 400] 338; 400: 
Montgomery-------|----- D226 ae tas 00: $o.23 oss 85 eT eek 3, 200 il 
gaanvton =~ eeu ad. li-. ee New River-Greenbrier 159 eis} ae 6, 700 6,700: 
iver. 
Narrows. .-.-------- Virginia__-.--- ey fd r-Wolf 197 800}2_- dois: 2, 900 2.900 
reek. 
Pearisburg-_...-----|----- GOs 5 ache: New River......------ 203° pag = 7, 000 7, 000 
Badiord! 2 nn2-6~...!} 28 (> Cae Siesteaem apes Gs (ape ESS 242 ea pee 3, 800 3,800 
ooney. =! Sacn- + 5. oe Caro- | Winkler Creek_-.----- 412 O11 a (7 3, 100 3,.100 
ina. 
Falling Rock West Virginia_| Elk River_...-..------ if ape D 5 perpen Dae os 2, 700 2,.700 
Iichwood: 220-<---|2 2245 dos tet. Cherry River...-----* 168} 4,200) None___- 4, 200 4,200 
meekly. 22 eso sa}-2c3 G0. ta sat Piney. Creek-Little 146| 14,500) Primary_| 14, 600 9,.500 
Whitestick Creek. 
Witte Sulphur |----- do's b 2 dst: Howards Creek --.----- 215} 2,800)-..do____- 2, 800 1, 800 
rings. 
Marlinton oe ap pean TEs 0. eas Greenbrier River_.....} 268] 1,600; None__- 7, 500 7, 500 
Ar rn ee CO ese hs tO ag 2 oe kes 311 500} ...do-__.- 6, 700 6, 700 
IPRHOCLODY ccna eh. - Oe Brush Creek. -------.-- 190) Bet, Reem 6, 600 6;.600) 
‘Blasheld: 522.2 o. West Virginia | Bluestone River - ----- 234 Second- 26, 000 2,.200) 
and Vir- ary 
ginia. 
Bluefield__.....---- West Virginia_| Grassy Branch of 213) were U0Gs oa 7, 500 400 
East River. 
Blacksburg--------- Virginis252 =." Strubles Creek-------- 243 
PUA Ls aeaepe mpn  E (o-e Peak-Creek: - -=-=-2222 253) 
Ginlan ee ie Prone 8 0g. 22 SS Chestnut Creek------- 311/ 
‘95 smaller sources. _!_.--------------!------------------------!------ 
Total: 
West Virginia_---.-- Renee 1, 671, 700}1, 633,.600 
Mitginis fo ij2eei i L Zi, 0On se = 25425 38,900} 35, 700 
North Carolina--.--.------------------------------------| 000}... 2 = == 6,100) 5,800 
Total, basin....----------------------------------------------}] 440, 00). --------- 1, 716, 700/1,.675, 100 


1 Miles above mouth of Kanawha River. 


Industrial wastes —Table K-4 summarizes data on the sources of 
industrial wastes by type of industry and method of disposal. The 
population equivalent of the industrial wastes amounts to more than 
six times that of the sewage and all but about 3 percent of this load 
is discharged to the Kanawha River in the 25-mile stretch from Belle 
to Nitro (the Charleston metropolitan area). 

In addition to these industries, there are 24 coal washeries, most 
of which have recirculating systems but from which varying amounts 
of fine coal particles escape causing turbidity and culm deposits in 
the streams. 
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Tasie K-4,—Kanawha River Basin: Summamy of industrial wastes not discharged 
to municipal treatment plants, with total of entire industrial waste load in the 
asin : 


Industrial waste Estimated 
disposal At least sewered 

ee ae a Le Oe ever (EN He it c te) population 

Industry he a corrective | equivalent 

of plants Munici- Pi owks measures biochem. 

pal sew- aken ical oxygen 

ers outlets demand) 
1 pee ae - 2 it 1, 600 
11 3 8 4 1, 378, 000 
Di) rsa oa 2 2 200 
DNS el oe 2 2 3, 600 
5 i Pe een 3 3 18, 700 
9 3 6 2 8, 300 
36 0 36 17 68, 700 
Wastes unconnected municipal treatment_- 65 6 59 31 1, 479, 100 
Waste connected to municipal treatment_..........-----------------------------------+------ 11, 100 
movaldsidustrial wastelin basiné21 422 aee26 42. - cardu flo Des baS2 ~~ So ween nse aa 1, 490, 200 


Acid mine drainage-—Prior to the mine-sealing program some 
33,000 tons of acid were discharged each year from about 950 mines. 

ines producing about two-thirds of this acid have been sealed and 
the total acid load has been reduced by more than 40 percent. The 
acid from unsealed mines comes largely from active mines which 
discharge more than 9,000 tons per year. Most of the acid-producing 
Mines are in the area drained by the Bluestone and along the small 
tributaries of the Kanawha and New Rivers in West Virginia. 


PRESENTATION OF LABORATORY DaTA 


_ Table K—7 (p. 508) summarizes the results of the laboratory observa- 
tions in the Kanawha Basin. Table K-5 shows selected laboratory 

ata on the main stream and tributaries. All samples from the Kana- 
wha Basin were collected and analyzed by a mobile laboratory unit 
except for those samples at the mouth, which were collected and 
analyzed at the Kiski Laboratory at Ashland. The various sampling 
Periods involved in studying this basin were as follows: 


oa lies ES 2 a oat ee RPE Me ce ee Cero IRS Me ete SE To a 


F Labora- 
Area Period , tory ante 
EO a oe eee Pecan, eee ome ey HET, 
Bete iw Gor te tee ly August 1939 to April 1940__..___....__- Kiski. 
ona Bridge Wine MEE. oe etd December 1989 Ae March 1940_,....___- eaters 
» Gauley and Greenbrier.............-............ April'to June 1940. Soil | Seis. Gane 0. 
Taste and he Chute, fl S See 2s See eS December 1939 to January 1940..______ Do. 
La) RS a Sa Spa aR Ce December 1940 to February 1941___.__. Do. 


Socsste Dal IE BIR: i Ace eae SOs ARI el ik SRR er betel Rel eis entree eS Ans Baal 
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TaBLeE K-5.—Kanawha River Basin: Selected laboratory data 


MRI@CIO WE s secs one meee Sou y So Kanawha|Kanawha/Kanawha| Kanawha | Kanawha + Kanawha 


PICHON ato tiated scone cmacce Near United | Bridge, | Patrick St.| Kanawha United 
mouth States St. Al- Bridge, City States 
lock, bans | Charleston} Bridge, | lock, Belle 
Winfield Charleston 
River ree above mouth of Ka- 0.6 31.1 45.6 56.3 60. 9 67.7 
nawha. 
b Sd: 10 Waar Di pee oe BE wt Decem- | Decem- | Decem- | December | February | December 
ber 1939 | ber 1939 | ber 1939 1939 1941 1939 
Number of samples_.......---...... 7 3 3 3 2 3 
Flow in cubic feet per second, sam- 
pling days_...--. eee VAN he Mie § Up20U! luca ctundck aakaealcclacacedasncerlattecredscen|asccceseaiagee 
Water temperature °C__..._....___. 5.0 8.7 Y i 6.3 0.8 8.3 
Coliforms per milliliter-_....._...-. (1) 124 257 577 29 72 
Dissolved oxygen, parts per million 6.9 3.0 4.6 9.0 12.6 10.2 


Biochemical oxygen demand, 5-day, 
SSPALES DOL WON fos na ccs dca ot 1:2 4.1 3.9 2.8 3.2 4.1 


NG OR ire eet Se oe Se Kanawha! Kanawha} New New New New New 
RCHUION Sieg ccc clawbecenace United | Below Above | Bridgeat| Below Above Below 
States | Gauley | mouth | Hinton | Narrows} Pearis- | bridge, 
lock, Bridge burg Radford 
; London 
River miles above mouth of 82.8 95 97.1 159 199 204 247 
Kanawha, 
Pernod 3 FG os 52 feels CLL Decem- | Decem- | Decem- | May- April April April 
ber 1939 | ber 1939 | ber 1939 mae 1940 1940 1940 
Number of samples_____---.--- 3 2 2 3 3 2 3 
Flow in cubic feet per second: 
SL LE Bk 7 Me ERReS COIR RS ah Dead = SoS © be Be BAK OS 43/330 fA 8, 260 3, 170 
Minimum month... .------|.---.--.- 1, 130 1,090 1, O00 shew d= oe ch focdees Sues 940 
Water temperature °C____..--. 6.0 4.0 5.5 18.8 11,2 11.8 9.7 
Coliforms per milliliter.__...._- 62 {4 2 41 9 7 9 
Dissolved oxygen, parts per 
C1015 Ch Seat oe a aig ane 11.9 12.0 12.1 8.6 9.9 9.8 10.6 
Biochemical oxygen demand, 
5-day, parts per million._..-- 1.6 -6 8 .8 as § 1.0 8 
DeivObece ee Oe tS Peak Peak | Stroubles| Stroubles} Brush Brush |Bluestone 
Creek Creek Creek Creek Creek Creek 
Tiocationes out: eiecesgeccslece Above | Below Above | Below Above | Below Below 
Pulaski, | Pulaski, | Blacks- | Blacks- | Prince- | Prince- Blue- 
Va. Va. burg, Va.! burg, Va. 


ton ton, field, 
W. Va. | W. Va. Va. 
River miles above: 


Confluence with New River..| 23.5 22 11 9 27 24.5 69.5 

Mouth of Kanawha___-__-- 268 266. 5 244 242 191.5 189 215 
Period; 10604082 2. AOU April April April April April April May 

and May jand May 

Number of samples______..___- 3 3 3 3 3 3 3 
Flow in cubic feet per second: 

Sampling days_.......____- 68 68 3 3 20 30 

Minimum month__.._.._-- () () Q) ~ 3) Ra RES Saas jr AS) see OF 
Water temperature °C__._____. 9.0 10.3 12.8 13.2 14,2 13.7 13.5 
Coliforms per milliliter-._____. 16 8 4, 740 88 970 il 
Dissolved oxygen, parts per 


milion 2? oo ait o esael 10.8 8.1 10.1 7.4 9.4 
Biochemical oxygen demand, 
6-day, parts per million_____- .6 27.77 3.4 11.6 .6 2.4 3.0 
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TasBie K-5.—Kanawha River Basin: Selected laboratory data—Continued 


Vers) Ct ec Green- | Green- | Piney Piney | Cherry | Cherry Elk 
brier brier Creek Creek 
Bocation: 3226. .2. ice Above Below Above Below Above Below Below 


Marlin- | Marlin- | Beckley, | Beckley, |. Rich- Rich- Falling 
ton, W. | ton, W. | W.Va. | W. Va. wood, wood, Rock, 


Va. Va. W.Va. | W.Va. | W. Va. 
River miles above: 
Confluence with New 
PUIGGr As, bee sh eed ee 106.5 103 9.5 9 70 69 16 
Mouth of Kanawha-.------ 267.5 264 143.5 148 167 166 74 
Pptlod ta.c32.82 ps aes Mayand|Mayand| May May | January | January | Decem- 
June 1940| June 1940} 1940 1940 and Feb-| and Feb-} ber 1989 
ruary ruary 
1940 1940 
Number of samples. -_---------- 3 3 3 3 2 2 2 
Flow in cubic feet per second: 
Sampling days... --------.- 3, 800 3, 800 18 18 330 S80 ace -biee 
Minimum month_-_-__----.-- 10 2 1 tl gipcteen tacal ae, aie ant a (4) Oreo ae 
Water temperature °C__--.---_ 15.5 16.0 17.0 16.3 0 0 6.0 
Coliforms per milliliter_-_----..- 9 125 20 392 1 23 67 
Dissolved oxygen, parts. per 
POM ON cvs tere deers thy ox 9.0 9.1 8.6 8.5 13.4 13.0 10.8 
Biochemical oxygen demand, 


5-day, parts per million_____- 6 .7 2.8 22.0 1.8 1,2 1.8 


1 Less than 1. 
2 Acid sample—seeded and neutralized. 


From one to four stream samples were collected and analyzed from 
each sampling point reached by a trailer unit and from four to nine 
samples monthly were obtained at the mouth during the 9-month 
period of sampling from the Kiski. Discharges were generally low 
during the periods from August 1939 to February 1940 and from 
December 1940 to February 1941. Medium high to high discharges 
prevailed from March to May 1940. 

Figures K-3, K—4, and K—5 show graphically the coliform dissolved | 
oxygen, and oxygen demand results. In the vicinity of Charleston 
and at the mouth, where the results were obtained over a period of 
months, the results shown on these spot maps represent the most 
unfavorable monthly averages. All other results represent the aver- 
ages of the series of one to four samples collected at each point by a 
mobile unit over periods of less than 1 month. 

From these results it appears that the larger streams of the Kanawha 
Basin are not seriously polluted except in the 40-mile stretch below 
Charleston. Bad localized conditions exist on the tributaries of the 
New River below Boone, West Jefferson, Wytheville, Pulaski, Chris- 
tiansburg, Blacksburg, Bluefield, Pocahontas, and Beckley. The 
Greenbrier, Gauley, and Elk Rivers above Charleston are in relatively 
good sanitary condition. Gas, oil, and refinery wastes produce taste 
and odor problems along the Elk River. 

Acid stream conditions were observed in the vicinity of Pulaski, 
Va., on Peak Creek and along Piney and Beaver Creeks near Beckley, 
W. Va., and along Dunloup Creek at Mount Hope. At Pulaski the 
acidity is due to wastes from a chemical plant while at the other 
points it is caused by mine drainage. The pHs of these streams 
ranged from 3.0 to 5.9 and phenolphthalein acidities from about 10 
to more than 125 parts per million. 

In collaboration with the West Virginia Department of Health and 
the State water commission, a survey of taste and odor problems along 
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the Kanawha and Elk Rivers, with particular reference to the prob- 
lems existing in the Charleston area, was carried out in the winter of 
1939-40 and again in 1940-41. Threshold odor examinations were 
made of the river waters at stations above, in, and below Charleston 
and of certain industrial wastes. These results show a marked in- 
crease in the threshold odor numbers of Kanawha River water in the 
vicinity of the Marmet Locks and Dam. Values of 300 to 400 were 
observed at various times at Marmet, Charleston, and South Charles- 
ioe On the Elk River the threshold odor numbers were generally 
elow 50. 

Odor determinations are at best rather crude criteria and are 
largely dependent upon the observer’s ability at detection. Then, 
too, high intensity transient odors may mask more persistent but less 
intense troublesome odors. Odor determinations, both before and 
after storage under standard conditions, have been suggested as a 
means of eliminating transient odors. The results as a whole indicate 
that the odors tend to diminish progressively downstream from 
Charleston on the Kanawha and that odors along the Elk River tend 
to diminish from Clendenin to the Charleston intake. Threshold odor 
determinations made on the effluent from several industrial plants in 
the vicinity of Charleston and on the Elk River gave results ranging 
from about 500 to 1,000,000 or more. The odor determinations in 
themselves should serve more as a guide and should be supplemented 
with other chemical data before drawing too many conclusions from 
the results. Further treatment of industrial wastes probably will 
contribute to overcoming the taste and odor problem in this region. 

Biological summary.—The flora and fauna of the Kanawha were 
found to be less than 1,000 parts per million, which may be due in 
part to the clean nature of the upper reaches and also the industrial 
wastes near Charleston and along the Elk River, 


Hypromertric Data 


More than 50 stream-gaging stations have been maintained in the 
Kanawha Basin at various times and 25 are currently in operation. 
Table K-6 shows monthly mean. summer flows at 8 stations for 
the 3 driest summers of record at each station. Practically con- 
tinuous discharge records are available on the Kanawha River at 
Kanawha Falls (mile 95) for the period since 1877, one of the longest 
periods of record in the Ohio Basin. Figure K-6 is a low-flow fre- 
quency curve for this stream based on the 4 summer months (June— 
September, inclusive). A second curve, plotted to the same scale, 
shows similar information for flows regulated by Bluestone Reservoir. 
It indicates that the frequencies with which various minimum monthly 
mean summer flows may be expected, both with and without Bluestone 
Dam regulation, are as follows: 


Minimum monthly mean summer flows in 
cubie feet per second that may be expected 


Kanawha River at Kanawha Falls once n= 


2 years 5 years 10 years | Minimum 


Tp a CST |e SAE a oR a ee ea SIDE gel 9 SP 9 Oy 3, 400 2, 320 2, 140 1, 29 
Regulated by Bluestone Reservoir___..._..--------___- 4, 100 3, 120 2, 670 2, 000 
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Taste K-6.—Kanawha River Basin—monthly mean summer flows for years in 
which low summer flows have occurred 


MRIS RT eee cha cee cassette: Soe Woes tee New Kanawha, | Peak Creek} Bluestone, 


Pwo) Tike, Reba 8 ee ee See eee te At Eggles- | Kanawha | At Pulaski,| Lilly, 
ton, Va. Fails, Va. W. Va. 
River miles above mouth of Kanawha-_--...--...------ 217 W. Va. 243 168 
Drainage area (square miles) __........-.....--.--.-----. 2,941 95 68 438 
eNO OF POCOLU ss so Jauue. Shoe at aes ea Ct oe 1915-37 8,367 1927-33 1908-16 
1877-1940 1920-40 
LES ORC 28 LS Dear pee eee Dd aah, Aiea Sane 1925 1930 1930 1930 
1) COT RSL SE SRR ae ean oe cubic feet per second -. 1, 580 FAG) teacaekntere 36. 4 
LAL PARES OE Reta pee me, Gam ge sy Mery eee dors 1, 320 15200 Tens. 27.2 
HG Por 0 ae ie, Sal eon eens “Spares Oy Oy Peapereen do.__. 812 15620 Ae. 25-22-52 = 26. 2 
MOpISONA NOL. -§ S2-catoclacnsn nu weaUUs—-ekeouaes de: - 853 1,310 0.8 7.3 
toe OV OBER Er ag RR ete ae ee (ee ae el SS | EES Noe eee ee 1930 1925 1932 1939 


River miles above mouth of Kanawha....----..-------- 

Drainage area (square miles)__._.._.__-_- WRF eRe eae : 

REMC Gb eeO0rd foot ec woechonccs dese wwaeSacucs 1929-40 1930-40 

1 ee FW eae eee an Sater S LS AIS TERY, De 1930 1930 
PT aS a eee ee tat cubic feet per second... 191 23.4 
tee aes eae Oe ke So a 0.4. 6.4 
fn 2 ASR ies RA PRN iains lh eadaee. 25 Daye ee dsc 21.5 13.4 
Saptentbers <ssottecee eeeeee Saas 13.5 1.3 

“TT SES 8 aS SR Ne: aN eee oe BEE oe arte (LRP gape ie hoes 1932 1939 
Funes cubic feet per second _- 264 196 
Valy2s2 meg i ee 896 121 
August} <= iz. 500-35 75.1 32.9 
RT EIPOINEGN ee Pose ok ok ee oe WOks.: 35. 0 8.3 

PMY Sameer, Pee et eC ik tts el Ye ey bee 2 ee as 1934 1936 
yet Sia Uefa Wh SS aaah aia Oates eae cubic feet per second... 149 19.6 
eh Ae ee SES (a Shes Mei a PSS Soe don 40. 6 29. 6 
PDN be Sh LE eee te ee (21s eee 56. 5 36.8 
DOpPAM Der arta go Se tee eR y dees. 234 45.4 


Proposed stream control.—The following proposed reservoirs in the 
Kanawha Basin have been studied by the United States Engineer 
Department in connection with the authorized program for Ohio 
River flood control: 


’ 
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Supplemental 


Maximum ow made 
Reservoir Stream storage, acre- available, 
feet cubic feet per 
second 

OGRE es owrc$.15 2.0. - lacdiebiddasean peneay Pocatalico River__...........- 202, 000 8 
Clengbnin? 2227-655. See eee Wilk Aeiveb 22 Le tc kuuke tdcen wae 108, 000 70 
Wat C6 25 335 3. Sa Oat | BirchsRiver: 52 23ck. 28 43, 600 29 
Gepaiideravitie ss se eh ape Gauley. Rivet:z.2-- => 5... 315, 000 134 
Od 3s ce ee eed Greenbrier River__.-.-.--.--- 108, 500 74 
Moores Merry. 2 co ee Wewnbivelsc co cclbe cece 1, 010, 000 Unknown 


The supplemental flows shown are those that could be made avail- 
able by use of a portion of the flood-control storage capacity after the 
end of the flood season. Low-flow regulation by the Moores Ferry 
Reservoir would depend largely on possible power operations. Con- 
sideration is being given to such operation of the reservoirs. 


Discussion 


The major pollution problems of the Kanawha Basin are in the main 
Kanawha Valley in the vicinity of Charleston. Problems of lesser 
importance exist on the Elk River below oil and gas plants and on 
other streams below moderate sized and small municipalities. 

Charleston and vicinity —In the vicinity of Charleston the chemical 
industry discharges large volumes of wastes which constitute a drain 
on the oxygen resources of the river and cause objectionable tastes 
and odors in downstream water supplies. In addition to the industrial 
wastes, sewage from Charleston and other cities along the river is 
discharged untreated. 

Laboratory results during the low-flow period in December 1939 
showed a dissolved oxygen content of 3 parts per million in the 
Kanawha at the Winfield locks (mile 31.1). This represents a 
deficiency below saturation of about 8.7 parts per million. Such 
a deficiency during the summer would result in the complete exhaus- 
tion of all the oxygen in the stream with attendant nuisance conditions 
and destruction of aquatic life. 

Because of the unique character of many of the chemical plants, 
their rapid growth, and the constant changes in processes and pro- 
ducts, methods of accomplishing reduction in the strength or quantity 
of the wastes must be based on a rather complete study of each plant. 
Because of the technical and often secret nature of the industrial 
processes involved, ‘pollution corrective measures are squarely up to 
the industries themselves. Outside assistance must be confined to 
determining which effluents are damaging and measuring accomplish- 
ments after corrective measures have been taken. The Ohio River 
pollution survey working with the State of West Virginia, has 
already located the damaging effluents. Several of the plants have 
' undertaken studies and have instituted new practices, designed 
particularly to reduce the discharge of wastes causing tastes and odors. 
im the water supplies taken from the Kanawha River. Intensified 
efforts on the part of the industrial research technicians as well as the 
State enforcement agency are necessary to prevent a steady deteriora- 
tion in the quality of the lower Kanawha River because of the phe- 
nomenal growth of the chemical industry. 


, ‘ 
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The capital cost of remedial or pollution ‘control measures at the 
large industrial plants is estimated very approximately to be $1,000,000 
and the annual operating cost to be $160,000. This estimate is much 
smaller than the cost of correcting an equivalent amount of organic 
pollution in the form of domestic sewage, and is more in line with 
the experience of a limited number of large industries confronted 
with organic and taste and odor pollution problems. The estimate 
may be subject to reduction with the development of efficient recovery 
practices. 

Preliminary survey. information on pollution loadings in the South 
Charleston area and river and industrial effluent quality were released 
' to the State and served as a basis for pollution abatement discussion 
with the industries. As a result, a start toward pollution control 
has been, and is being, made by the industries. The program is in 
its early stages and, although a resurvey was made, no improvement 
of consequence was noted. This is not an adverse result as industrial 
activity had increased during the period between surveys and greater 
pollution might have been expected. 

Although industrial pollution overshadows sewage pollution in 
importance on the Kanawha, the municipal wastes from Charleston 
‘and vicinity cause heavy bacterial loadings on downstream water 
supplies. Primary treatment and chlorination at these places seems 
justified to prevent sludge deposits and to reduce bacterial loadings. 

Augmentation of low flows in the Kanawha by operation of the 
proposed flood-control reservoirs would be a distinct help in correcting 
conditions in the lower Kanawha. Such help would reduce, but 
would not eliminate, the need for sewage treatment and industrial 
waste remedial measures. There are probably limits to the effective- 
ness of industrial waste remedial measures which will necessitate the 
discharge of large amounts of polluting material even after a maximum 
of practicable treatment and recovery. Even with a reduction com- 
parable to that effected by a secondary sewage treatment plant, the 
‘industrial wastes in the Charleston area would have a population 
equivalent of more than 200,000. Since continued growth is to be 
expected, conditions will become worse. The national-defense 
program is causing great increases in production at the chemical 
plants, both of war materials and of chemicals for synthetic fibers. 
The increased production will tend to aggravate stream conditions. 

The Bluestone Reservoir, now being constructed by the United 
States Engineer Department, will increase the flow of the Kanawha 
by more than 600 cubic feet per second, or about 50 percent of the 
lowest summer monthly flow of record. Other reservoirs would 
supply less additional flow and their value for pollution control would 
be in proportion to the supplemental flow which they could provide. 
The Poca Reservoir, being downstream from Charleston, would have 
little value for pollution control. Augmentation of low flows by the 
Clendenin and Birch Reservoirs would insure the adequacy of Charles- 
ton’s Elk River water supply and obviate the necessity of using the 
more heavily polluted Kanawha River water during extremely dry 
years. 

Increased low flow is practically always a benefit to organic pollu- 
tion abatement. However, in the case of bacterial and taste and 
odor pollution, benefits are offset, in part, by the decreased time of 
flow which reduces the time natural purification agencies have’ to act. 
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Miscellaneous pollution.—At other communities along the Kanawha 
and New Rivers, primary treatment will be sufficient to maintain 
excellent stream conditions. Secondary treatment is indicated at 
such places as Richwood and Princeton, W. Va., and Pulaski and 
Galax, Va., where stream flows often become very low. At Rich- 
wood pollution from a pulp mill has, until recently, caused serious 
pollution for some distance downstream in the Cherry River. The 
industry has now moved and with the treatment of Richwood’s 
wastes the stream can be again made suitable for fish life. 

Tastes and odors caused by wastes from the gas and petroleum 
industry in the Elk Basin give trouble at the Charleston water intake. 
Studies are being made to determine the best method of solving this. 
problem. 

Except for the Kanawha River in the Charleston area, and a few 
of the smaller tributaries, the streams of the Kanawha Basin can be 
maintained in good condition by the use of available waste treatment. 
methods. The widespread use of the streams as sources of public 
water supplies and for recreational purposes justifies relatively high. 
standards of water quality. 

The estimated cost of the suggested pollution abatement program 
is summarized in table K-1 together with estimates of the cost of 
existing sewage treatment plants and of programs for primary and 
for secondary treatment of all wastes. 
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(Note.—For maps of this basin see Kanawha River Basin.) 
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LITTLE KANAWHA RIVER BASIN ! 
SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Little Kanawha Basin comprises 2,320 square miles of moun- 
tainous country in west central West Virginia. The total population 
is about 90,000 and there are no communities with as many as 2,500 
people. The two largest communities have sewage-treatment plants. 
There are no pollution problems that cannot be solved by available 
methods of waste treatment. 


CONCLUSIONS 


(1) Sewage from 10,200 is discharged to the Little Kanawha River 
and its tributaries. About 45 percent of the sewage is treated. No 
industrial wastes enter the stream. 

(2) Three public water supplies are taken from streams below 
sources of pollution. 

(8) Primary treatment of sewage now discharged without treat- 
ment should be sufficient to maintain good oxygen conditions in the 
streams. 

(4) A summary of cost estimates of remedial measures from table 


Lk-1 follows: 


Treatment Capital cost | Annual charges 
LESS TE Ah Sa REE 29: SE ee AMS. | ee | RE Sat tae Wrutanes ies $190, 000 $15, 000 
ErripIasi oc MUO GIOMG so. ta een oe cabo 210, 000 20, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are: 


Treatment Capital cost | Annual charges 
ceriiarer ell inca <8. fos sae eas oa Bddedon nna ncededucstncnne $210, 000 $20, 000 
Recondary, dil pisces. ets tbh CE A ARIS BO Pet 290, 000 25, 000 


1 For maps of this basin, see Kanawha River Basin, 
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Taste Lx-1.—Little Kanawha River Basin: Estimated cost of existing and sug- 
gested minimum corrective measures for sewage and industrial wastes with com- 
parative costs for primary and secondary treatment. 


N oan of Annual charges 
Popula- Capital 
tion con-| 5 P 
Pri- |Second- rene ment Amortiza- | Operation 
mary ary tion and | and main-} Total 
interest tenance 
Existing sewage treatment___.....-- 1 1 4,800 | $190, 000 $12, 000 $3, 000 |$15, 000 
Suggested minimum treatment: 
Sewage treatment plants.___.-_- 6 0 5, 309 90, 000 10, 000 5,000 | 15, 000 
Reguiroe Ivercep tors. ne. ea locakencnlansbotbalteeedoraae 120, 000 i hay (ab pee 5, 000 
Independent industrial waste 
SUL 110) 1 SERS Sens OMe eeepc) CTE a ai ae MRE SS |e ERE ee eae Rw Ue ae Sea Ree eee eee) 
(PORN ss cock tiocet cree tseedh: coc coll pep dasdaaawsaesce 210, 000 15, 000 5,000 | 20,000 
Comparative cost: 
Primary treatment all waste___..|-..-...-|..-.-.--]------- ---| 210,000 15, 000 5,000} 20, 000 
Secondary treatment all waste_.|........].-..---_]---------- 290, 000 18, 000 7,000 | 25, 000 
A MNCUOROO Eases cetc. ocasccus Asekusscl it uaeaet ene t aon ee 210, 000 15, 000 5,000 | 20, 000 
DEscrRIPTION 


The Little Kanawha River drains 2,320 square miles of mountainous 
country in the west central part of West Virginia and joins the Ohio 
River at Parkersburg, W. Va. Most of. the area is covered with 
second-growth timber. A little coal is mined in the eastern part of 
the basin, and some oil and gas is produced but production is declining. 
Farming is the principal occupation. The area is sparsely populated 
and the population has not changed greatly during the past 40 years. 


Popula- Popula- 
Year tion Year P tlon 
PUM sate) as woke wwans ccacnass tacos aces: U0 ae TOC p haut wesuns onde bons Gan seh ewe 86, 133 
11)" PSS Sah ie: Ses eee te ao AO Naa poole e100 Die hs | See erie PT tamrin ans poe ay manta paee 92, 355 


All of the population is classed as rural, the largest community, 
Spencer, having a population of 2,497 in 1940. There are 7 other 
communities with more than 500 people. | 

The principal tributary is Hughes River, which joins the Little 
Kanawha at mile 19 and drains 530 square miles. 

Water uses.—Five locks and dams maintain a navigable channel 
for boats of 4-foot draft as far as Creston, 48 miles above the mouth. 
The facilities are not used extensively. The Little Kanawha from 
Creston to Falls Mills and both forks of Hughes River are considered 
good bass fishing streams and are extensively used for sport fishing. 
The State of West Virginia maintains a bass hatchery at Palestine. 


PRESENTATION oF Fretp Data 


Figure K-1 shows the location and magnitude of each source of’ 
pollution of consequence in the basin. Figure Lk-2 shows similar 
data and, in addition, the location of water-supply intakes from 
streams below sources of pollution and laboratory data on coliform 
organisms, dissolved oxygen, and biochemical oxygen demand. 
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Public water supplies —Of the 8 public water ete in the basin, 
5 are from surface sources. These serve 6,600 people, about two- 
thirds of the total population served by water supplies. Three of 
the surface supplies are from streams subject to pollution. Table 
Lk-2 shows data on the surface supplies. 


TasLe Lx-2.—Little Kanawha River Basin: Surface water supplies 


State Source Mile tion million 

eons ment?| served | gallons 

per day 

Supplies below community sewer outfalls 
Grantsville...| West Vir- | Little Kanawha River---...-....----- 78 FD 1,000 0. 04 
ia, 
Glenville. ....|_-- es Be ESR 1 ie tee a SL Gage ee ee 103 FD 1, 400 05 
Oaire 2 2 aatei J 0. ce. = North Fork, Hughes River-_...-...---- 39.5 | CD 500 04 
Other surface supplies 
Burnsville....| West Vir- | North Fork, Hughes River_-.....----- 122.5 D 400 0.02 
Spencer___...-|_.-. do......| Impounded and Spring Creek....-.--- 59 FD 3, 500 .13 
Total: RG 

Below sewer outfalls_..........-- ete wesc on opener abbe aeeeatee eee 2, 900 0.13 
Othetossc ac camssase ose ee ean 3, 700 15 
hotel stirfine Water SH PUGS. 5.68 2G len Sree ne mee nce anpenn. 6, 600 +28 


1 Miles above mouth of Little Kanawha River. 
2 F=Coagulated, settled, filtered; D=Chlorinated; C=Coagulated, settled. 


Sewerage-—Table Lk-3 shows the sewered population at each source 
of pollution. Of the 10,200 people connected to sewers, 4,800 are 
served by the two sewage-treatment plants. 

Industrial wastes —There are no sources of industrial wastes in the 
basin except at Parkersburg, at the mouth. The problem of these 
wastes is considered with other Ohio River problems. 


Taste Lx-3.—Liitle Kanawha River Basin: Sources of pollution, including indus- 
y ere wastes, expressed as sewered population equivalents Se Sali oxygen 
mand) 


Sewered popu- 
lation equiva- 
lent fee 
Munici- Population chemical o 
State Receiving stream Mile 1} connected | Treatment dentandy 
Pality to sewers 
Un- 

treated | charged 
Elizabeth___| West Vir- | Little Kanawha River-...| 27 600 | None...-.. 600 “600 
Grantsville_|___-. do----- Siar. Alcs acteckie. knees ain 78 1,300 |....- do.-...| 1,300] 1,300 
BBNVING Ye fee dO. a2. | tts i tilepemes bees vate Bs sak 103 1, 300 |--..- dota? 1,300 | 1,300 
urnsville__ rnaeesy eet htt Aart eres 122 300 |... dg. 24 300 
ae eR do_--.-| North Fork Hughes River.| 39 500 |--_.- do.s0 500 500 
Harrisville__|____- bo 2 tee Pr PASO LA ERA SIEM} 48 1,300 |____- a0.2.3. 1,300 | 1,300 
Pennsboro..|__-..do.---- Bunnell Run......1..... 55 1,400 | Primary...| 1, 400 900 
Reedy____2.|-2c-- do..--- Reedy Creek__..-_-------- 44 100 | None_____- 100 100 
Spencer_____|_____ Me. ac: Spring Creek......-------- 58 3,400 | Secondary2.} 3, 400 500 
mobel: [2 5 Eos oe So sae OU GEE EPO AC 10; 200 f-BSSt2. J 10,200 | 6,800 


1 Miles above mouth of Little Kanawha Riv 
“s tment plant under construction at time ent laboratory survey. 
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PRESENTATION OF LABORATORY DATA 


Laboratory results for the Little Kanawha River Basin are sum- 
marized in table Lk-7 (p. 532). Selected data are shown in table 
Lk-5. All observations were made by the laboratory boat Kiski dur- 
ing the 5-month period from May to September 1940. Ten points 
were sampled from one to four times monthly. Maps showing the 
most unfavorable monthly averages of the coliform, dissolved oxygen 
a neh i demand results are shown on figures K-3, K-4, and K-5 

p. 500. 


TaBLeE Lx-5.—Little Kanawha River Basin: Selected laboratory data, main stream 
and tributaries 


a A aE RRR rE rr rrr eet Little Little Little Little | Bunnell 
Kanawha| Kanawha| Kanawha| Kanawha| Run 
MHMAUIONE Seok on Soe scasn dosnt sue eee eee ee At Above | Above Below Below 
mouth | Parkers-| Eliza- Eliza- Penns- 
burg beth beth boro 
River miles above mouth of Little Kanawha.------- 0.1 3.5 27 25 63 
WOME, 10 ox sacb cas ce cen ws east wes news ene August | August | Septem-| Septem-| July 
er er 
Dramiber of somples:_t. =<: -- 4-5 325 =- == --- 2 ll 4 3 3 3 
Flow in cubic feet per second: Sampling days-_----- 671 1, 449 45 45 1 
Water tentneratiire:° Os ca. Sse) eee 25. 7 26.8 22.0 22.5 21.5 
Pinions Han MALLOC! - uso. sscastenckeacs ates 2, 720 117 12 28 7, 130 
Dissolved oxygen, parts per million_._..---..-._----- 2.2 6.0 ve: 7.0 3:7 
Biochemical oxygen demand, 5-day, parts per million. 2.7 2.0 1.6 3.4 15.8 
Se ec BUN oI ce ge ee gig aa ea a North North North Spri 
ring Spring 
Fork Fork Fork | sat = 


River miles above mouth of Little Kanawha ---_--__- 49 47 40.5 58.5 56.5 


Périgd}AM0 69. 8 OURO Dae VSAs August | August | August | August | August 

Number of samples-....-.-=-----------4s}s4eloe-aee, 4 4 4 4 

Flow in cubic feet per second: Sampling days_------ 24 24 39 23 23 

Wiatetifemiperature °OL Sais 53222 523. gigi sie. 4 23. 1 23.0 23.6 22.8 22.8 

Colithenis per milliliter. __ . .- 6f53-<-- = Bip amen manok 154 70 218 116 3, 350 

Dissolved oxygen, parts per million__-_..------_..-- Se cats 6.0 4, 4 z 
" 7 1. > 


Biochemical oxygen demand, 5-day, parts per million. 


The results for May to July are representative of moderately high 
discharges and those of August and September are representative of 
moderately low discharge conditions in the basin. High coliform 
counts were observed at all stations for at least 1 month. The 
highest counts were observed below Spencer and Pennsboro and at 
the mouth. The latter station showed the influence of Parkersburg’s 
sewage. The dissolved oxygen results were generally better than 
6.0 parts per million except below Spencer and Pennsboro and at 
Parkersburg where low monthly averages of about 2.0 parts per 
million were observed at times. Oxygen-demand observations were 
generally less than 2.0 parts per million and rarely exceeded 3.0 parts 
per million except below Pennsboro and Spencer where highs of about 
16 parts per million and 5.0 parts per million respectively were 
observed. Except for more or less uniformly high coliform counts, 
the Little Kanawha Basin does not appear to have any extensive 
pollution problem. 

Biological summary.—The plankton population of the Little Kana- 
wha is quite variable with a tendency to low values. Pollution near 
the mouth depletes the dissolved oxygen and as a result no fish life 
exists in this section. 
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Hyprometric Data 


Six stream-gaging stations are currently in operation in the Little 
Kanawha Basin. Table Lk-6 shows monthly mean summer flows 
for 3 of the driest years of record at four of these stations. 


TaBLe Lx-6.—Little Kanawha River Basin: Monthly mean summer flows for 
years in which lowest summer flows have occurred 


VOR nak Ae ee Sk oe eh ee Little Little Little Hughes 
Kanawha, | Kanawha, | Kanawha, Cisko, 
Location 2.5 225i OS PRT BRAS PBR KH Glenville, |Grantsville,| Palestine, W. Va. 
W. Va. W. Va. W. Va. 
River miles above mouth of Little Kanawha_-__......-- 103 80 31 28 
sPAINAPS ATOR S 8 6 Seen ad sae ne a dae square miles__ 386 913 1,513 ‘ ko i . 
Period of record 222 2a eee 1929-40 1929-40 1 1912-40 1939-40 
bf AEP D DA tre Dae. A es gd AP OF Sa EPI ee et 1930 1930 1925 1930 
TRIN ve naemiice aaleaboal cubic feet per second. 23.9 34.1 1,170 5.72 
“7 A alee SES SP RAY SAE SP ROT CAE ae CY do. 2 5. 92 7. 22 2, 520 1.01 
YC T ST | AR ge I eR Serna ee ey eS aoc. 1.75 5.18 3 
POD LONINOF Ss sews sS. beh ack ee sees sce gO... << 0.01 0. 21 0 01 
BE 2) itech gy PET, NASR CIE: FT Ay be HRCI TET OEY BER SO 1932 1932 1930 1989 
UNG Ds Fo Ss Pease ae nce cubic feet per second __ 43.4 130 8 235 
ROE eee eee eee en oe eae pos 337 1, 150 7 377 
IVIL oer e op a eee eee do... 27.8 52.4 7 88.3 
September=—=-==.-s2s-2225-c2secccccswecesce do. ... 5.5 12.9 “2 6.99 
Weearesssthoty athe Sent! eats 2S Sr thGe a” aed & Gee 1939 1939 1937 1925 
StS 4 ie ee oe cubic feet per second. 55.5 152 7 84 
A i I a eee ERO m ee See ee ees rit ae 19 434 205 
RRR EE nt eee: bce te eesns opneoe d0- <x ~ 83.9 188 117 26 
Beptomber. tet eke ee lbcGelaie thr tobe do... 11.6 16.9 11 14 


1 Accuracy of record fair to poor 1912-37; fair 1938-40. 


Proposed stream control.—The United States Engineer Department 
has determined three reservoir sites to be most nearly satisfactory 
for flood control storage development; Burnsville on the Little Kana- 
wha River at mile 122.6,! Steer Creek on Steer Creek at mile 85.3,) — 
and West Fork on West Fork at mile 50.1.1. Under the proposed 
Plans of operation, the minimum seasonal flows which could be 
maintained are 10 cubic feet per second, 7 cubic feet per second, and 
10 cubic feet per second, respectively. Although increased stream 
discharge will be beneficial, it is not sufficient to cause any reduction 
in the sewage treatment required. Hence, the low-flow control which 
could be provided by the projected reservoirs would have slight 
tangible value. : 

The Little Kanawha River is only moderately polluted. The 
argest community, Spencer, has recently installed a secondary sewage 
treatment plant, and the second largest one, Pennsboro, has a primary 
treatment plant which needs some improvements. Primary treatment 
should be sufficient to maintain good stream conditions at the remain- 
ing sources of pollution, except during such an extremely dry year as 
1930. Provision against such a remote contingency does not seem 
justified. Low-flow augmentation by the proposed flood control reser- 
Voirs would have no appreciable tangible value. 

. The estimated cost of the suggested pollution abatement program 
1S Summarized on table Lk-1, together with the estimated cost of 
existing works and of a program for secondary treatment of all wastes. 


1 River miles above mouth of Little Kanawha River. 
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BIG SANDY RIVER BASIN 
SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Big Sandy Basin occupies 4,280 square miles in the moun- 
tainous section of eastern Kentucky, southern West Virginia, and 
western Virginia. Coal mining is the only important industry. Less 
than 8 percent of the 410,000 people in the area are in urban commu- 
nities. Many of the people in rural areas live in mining camps and 
are served by water supplies. Poor sanitary conditions are found at 
many places. Sewage causes local nuisances and affects public water 
supplies. Acid mine drainage damages some small tributaries and 
coal washeries cause local blackening of several streams. Little prog- 
ress has been made toward pollution control and there has been 
slight demand for stream improvement. Techniques are available 
for abatement of the pollution, but the needs of the people in other 
directions limit present justifiable corrections to the more acute 
situations affecting larger population groups. 


CONCLUSIONS 


(1) Fifteen surface water supplies are taken from streams below 
community sewer outfalls. Some of these supplies are seriously 
polluted by sewage from the community using the water. 

(2) Only about 55,000 people are served by sewers and only 3 
communities have sewage treatment facilities. Other than acid mine 
drainage and coal washery wastes there is no industrial pollution 
of consequence. 

(3) Laboratory studies indicate that high coliform counts are a 
characteristic at most points. Dissolved oxygen is uniformly high 
and oxygen demand results were quite generally less than 3.0 parts per 
million. Acid conditions were found on two small tributaries but not 
on any of the larger streams. A greater pollution problem is indi- 
cated on Tug Fork than on Levisa Fork. 

(4) Flow regulations by proposed flood-control reservoirs studied 
by the United States Engineer Department would have no appre- 
Clable effect’ on the pollution problem. 

(5) The two main streams of the Big Sandy Basin, Levisa Fork and 
Tug Fork, are not heavily polluted. Primary treatment of wastes 
discharged to these streams should be sufficient to maintain good ° 
Oxygen conditions at all points except below Grundy on upper Levisa 
Fork and Welch, W. Va., on Tug Fork. 

(6) Local nuisance conditions are caused by the discharge of un- 
treated sewage to a number of tributary streams. Secondary treat- 
Ment will be required to prevent such nuisances. Considering the 
Present financial condition of most of the towns, justification for the 
expenditures beyond partial treatment is questionable. 
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(7) The wastes from coal washeries can be removed by available 
methods, and the acid mine drainage load can be further reduced by 
mine sealing. 

(8) In view of the normal uses of the streams involved, refined 
treatment at certain. sources of pollution would serve no purpose 
commensurate with the expenditure. In these instances lesser treat- 
ment appears justified. A summary of cost estimates of remedial 
measures from table Bs—1 follows: 


Treatment Capital Annual 

cost charges 
Existing----- Eivsteplegor ee pemls emer t sarge id pas 9 18- f ies TSE es 5 oe eres ee A $70, 000 $10, 000 
Bugpested stiditional 5 <0 s- 6 oe os = ge a ae or Le 1, 240, 000 110, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are— 


Treatment Capital Annual 

cost charges 
erimarys ell Subper 2. iio. it eis A ste eset le A $1, 190, 000 $105, 000 
Geobndary. all places by. ese pas ste ence sem ado d sh ee p paee wdeetece 1, 560, 000 150, 000 


TaBLe Bs-1.—Big Sandy River Basin: Estimated cost of existing and suggested 
corrective measures for sewage and industrial wastes, with comparative costs for 
primary and secondary treatment 


Number of Annual charges 
plants Popula- 
tion , 
con- Capital | Amorti- | Opera- 
Pri- |Second-| nected | invest- | zation- tion 
mary | ary |tosewers| ment and and Total 
interest main- 
tenance 
Existing sewage treatment...-_-.--_- 0 3 2,600 | $70,000 $6, 000 $4, 000 | $10, 000 
Suggested minimum correction: 
Sewage treatment plants_----...- 20 2 43,600 | 740,000 50, 000 35,000 | 85,000 
PUCRPCES ORL TEMUOLCOPTOTS no on bene |e cana aoe sued aaeree ane 500, 000 20, U2 | eens ca 25, 000 
Independent industrial waste 
CATR SEITE) RN a apne RC TA eR ee PP Pere Es EE eR = OW Loa ba | RR 
Total i AE PE a Eee) (OE ee Sok 2) Pewee Ll LEE FE, 1, 240, 000 75, 000 35,000 | 110, 000 
Comparative cost: a | 
Primary treatment all waste. _.-.|........|-------_|---------- 1, 190, 000 70, 000 35, 000 | 105, 000 
Secondary treatment all waste___|_......_|-----..-|_-.-_----- 1, 560,000 | 100,000 50, 000 | 150, 000 
was Gugeebted? VELin ssi Oi | SACSISE SILAS OA Tyee 1, 240, 000 75, 000 35, 000 | 110, 000 
DESCRIPTION 


The Big Sandy River, only 27 miles long, is formed by the conflu- 
ence of Tug Fork and Levisa Fork and joins the Ohio River at Catletts- 
burg, Ky. It drains 4,280 square miles, of which 2,280 are in eastern 
Kentucky, 1,015 in western Virginia, and 985 in southern West Virginia. 
The area is mountainous and most of it is covered with second growth 
timber. Farming is largely of the subsistence type. Coal mining is 
the most important industry, and this basin includes a large part of 
the southern Appalachian coal field. 
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Distance | Drainage 
area 


above mouth 
of Big (square 
Sandy miles) 
Major tributaries: 
LO RO ie SSS oe Sere Sat a See aoe ee J etd: ae ae es. 19.9 260 
Na eo Ss 5 Se ST a ea SS a ae ee 27.2 1, 550 
MN WANG WO Men 5e Ik Ch eS Re eis ne a ee CSI LS, 27.2 2, 330 
spussell Fork. 2: > _ See Soe Ley Bein! SNS | ooo. ok 127.1 680 
Populations 
1910 1920 1930 1940 
Urban communities: 
Riiele nt «7 ae Sane: ap SS ee PE en ees Ree ee 4, 707 465 9, 428 
Williamaen, Wa V4.cew 43-9...) oe 3, 561 6, 819 9, 410 8, 366 
elohame. V8.1... thd 4-8 2Ol--~ bo oe paceenocce 1, 526 232 376 6, 264 
Pike yilles By. -.... <f2 +4 260... f) ete at 1, 280 2,110 3, 376 4,185 
‘ on SEQMOs OV .. Vid. ide 1-8 bBS- ob os a ey 2,047 1, 839 1, 897 2, 942 
n in: 
Sirs iO Re MeN se oa ee eee eee 198, 310 256, 110 317, 166 380, 720 
LES SES 5 Ra es Lhe eis ree eS! ee 3, 561 14, 758 26, 627 31, 185 
Wptel: 22 .< .c2s.c-~nsson<iieleccia otteheien te daes ~~ 201, 871 270, 868 343, 793 411, 905 


Less than 8 percent of the population lives in urban communities. 
A large part of the rural population lives in villages and mining camps. 
The area drained by Tug Fork is the most densely populated part 
of the basin. 

Water uses.—The Big Sandy throughout its length, the lower 12 
miles of Tug Fork and the lower 18 miles of Levisa Fork, have been 
made navigable for boats of 6-foot draft by the construction of five 
locks and dams. The facilities are little used except near the mouth 
of the Big Sandy. 

The streams are used extensively for recreation by local residents 
but there are no recreational developments in the area. Some con- 
sideration has been given to development of a public park in the 
scenic area along Russell Fork where it breaks through Pine Mountain 
at the Virginia-Kentucky border. 


PRESENTATION OF Fietp Data 


Figure Bs-1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure Bs—2 shows similar data 
and, in addition, the location of water supply intakes from streams 
_ below sources of pollution and laboratory data on coliform organisms, 
dissolved oxygen, and biochemical oxygen demand. 

Public water supplies —Of the 120 public water supplies in the basin 
18 are wholly or in part from surface sources. These 18 serve 53,800 
people, or about 40 percent of the population served by water sup- 
plies. Fifteen of the surface supplies come from streams subject to 
pollution. Table Bs—2 shows data on the surface water supplies. The 
underground water is limited in quantity and generally of poor quality, 
hard and often containing objectionable quantities of hydrogen 
Neat A number of the communities use mine drainage as a source 
ot water. 
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TABLE Bs.-2—Big Sandy River Basin Surface Water Supplies 


Popu- tion, 


State Source Mile! pamer lation | million 
supply served Lao as 


Supplies below community sewer outfalls 


ines oe ix Kentucky--.-.| Big Sandy River-- 1.0 10, 100 0. 50 

Louis pices Levisa Fork_-- 27.5 1, 600 -05 

eT ES Se 65.9 4,000 = 5 

eae | |: eR RRS ree 82.5 2, 500 -09 

fe eee 115.7 3, 800 .33 

West Virginia. “Tug oer er bannthnbiniauderoors 27.3 500 02 

(Eee ee feta 0 ( Nem ene pd Seen ae ere 62.8 800 02 

Ty seems | FS an Reach eee ne aes 78.4 200 01 

i aga bo OG trast ticexcestate cco 85.4 10, 000 255 

OM 2s es Os esse bec puce en tee 98. 4 500 .03 

i (oc SR a hy NY C1 ema! Ds CG | & ee 5 ee eS 107.0 300 .05 

mpeieh:: ccseus aes orcs a Tug Fork, mine, wells_-..- 1:5 OS A 8 6, 500 oat 

Berwitid 2. Sess Oris ss 2 Dry Fork, wells._......--- 164.5 | LD....- 2, 000 .36 

‘Clinchco._.....-.- Virginia_._..-- McClure River...-------- 255.01 FD 1, 000 - 03 

Elkhorn City----- Kentucky--...} Russell Fork---.....-..---- 139.0 | None-..-. 500 03 

Other surface supplies 

Freehorn :<.5.<<-= Kentucky--...| Peters Creek, mine-...__--- 106.0 | FD--.--. 500 0.02 
Jenkins J 455352232 0122. 32.- a Ae eh platen: wells, 

AAS Fae ns Sie, A eS ae RD 8, 500 35 

Pumidcs seed. Virginia_-..... inpeasied So BERS S 58S 4 be SRE SS Da 500 -O1 

Total: 

Ree OL Weep Wel OUUMEA. nin) dob banat tccuctodneebadhs come knee meet conas on pate 44, 300 2.61 

9) 11 T yite See Sayan ar aay 8 5 aie PRs Sal 26 eee eR IEEE ee Lape ol ae ee "9, 500 .38 

“Lotal suriace: wAter BUDDUCS s. 3 sc <0 en ne one acne pepe en sib dawn se cedenne ie 53, 800 2. 99 


1 Miles above mouth of Big Sandy River. : 
2 F=coagulated, settled, filtered; L=lime-soda softened; D=chlorinated. 


Sewerage.—Table Bs-3 shows the sewered population at each of the 
more important sources of pollution in the basin. Of the 55,000 
people connected to sewers, only 2,600 are connected to the three 
sewage-treatment plants in the basin. All of these plants provide 
secondary treatment. 


TasBie Bs-3.—Big Sandy River Basin: Sources of ee: including industrial 
wastes, expressed as sewered population equivalent (biochemical oxygen demand) 


Sewered popula- 
tion equivalent 
Popula- (biochemical oxy- 
Municipality State Receiving stream | Mile! Bea he Treatment | 82 demand) 
sewers 
Un- Dis- 
treated | charged 
Kentucky. 27 1,600 | None-..... 1, 600 1, 600 
pet ae | iheng ange pape 1,900 |...-.do-....| 1,900 1, 900 
aad Rasee rat eiatopaes 114 dud Os 2, 900 
.| Virginia ~-do 1 1,100 |.._-- ag. = . 1,100 1,100 
West Virginis. Tug Fork.....__-- 84 8,000 |_..-- 02-5 8, 000 8, 000 
Set 2S SE pee? 0... 5251- POR, Ot, ike 160 5,900 |.....do.....| 5, 900 5, 900 
orn Creek. 
Renkusky. Fate Paint Creek-.._._. 2,900 |..--- do.....| 3,300 3, 300 
phen pee eee a Otter Creek.......| 116 2,000 | Secondary: 2, 000 300 
fpgee x Sees We eer | pee ee Elkhorn Creek.__.| 159 2,100 | None_-....| 2, 100 2, 100 
Bartley NOs beset West Win. Dry haces ee ae 153 1 600).12 cau: C545 , 500 1, 500 
Sanayi Pape RR SRSA 3 Ss oO Pees Pe a «| MES a peeps 158 5, 100 || casenOndece 1, 100 1,100 


1 Miles above mouth of a Sandy paar 
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TaBLEe Bs—-3.—Big Sandy River Basin: Sources of pollution, including industrial 
jevere’ ors as sewered population equivalent (biochemical oxygen demand)— 
ontinued. 


Sewered popula- 
tion equivalent 
_Popula- (biochemical 
Municipality State Receiving stream | Mile | {0D con’! rreatment | Ox¥gen demand) 
' sewers 
aretin ste os West Virginia_| Barrenshe Creek..}| 160 2,700 | None_..-_- 
(Ooalwood:. .-13..<.}-2.~- do...i.2...|: Clear Wonk. = + 149 3,000 |..... don. 2 
wim hell ose. o.oo! cs eee a er Elkhorn Creek....| 169 LAR Toss do2k 
OYStONe= 222. 2--.<}c52. Cee rae aera aga S535 Sak 175 2,900: |..---dovart 
54smaller sources ish cardarmitndccel tas ca chdardectinn salaoaseee 14, 400 () 
Total: 
RINSING (4 oo ee a SL RSet. 5 Bebe sca See ocd 2, 600 ||. -~-edGsas 
ZENG ol SR EES ae GS aie Seater ade Geant rey SB TE SO ieacenes cae 
RU Gn Gv gran ease rs a re 67000" 122 - ante 
SPOON 6. sta tne Soon cca sawhose ae age oe ben sama teaee ce 58, COO tee eS 


2 2 towns have septic tanks and subsurface filters. Other places, no treatment. 


Industrial wastes —The only plant in the basin discharging organic 
industrial wastes is a small meat-packing plant at Paintsville. In 
addition, there are 26 coal-washing plants which discharge varying 
amounts of fine coal particles. but one of these are in the area 
drained by Tug Fork. Seventeen of the washeries recirculate wash 
water and recover the fines removed by washing. In almost every 
case black turbidity and deposits on the stream bottom were found 
below the plants. 


PRESENTATION OF LABorATORY Data 


The laboratory data for the Big Sandy Basin are summarized in 
table Bs-7 (p. 550). Selected data on the main stream and on the 
tributaries are shown in table Bs-5. 


Taste Bs—5.—Big Sandy River Basin: Selected laboratory data—Main stream and 


tributaries 
WA VOT i 5 45. data once ee ada oe Bi T Tu Tu Levisa | Levisa | Levisa 
Sandy For! For For Fork Fork Fork 
Tocation. its Si. pied Near Above | Intake | Below | Above | Intake | Below 
Mouth | William-} William-| William-| Pikes- Pikes- Pikes- 
son. Re) son, ville, ville, ville, 
W.Va. | W.Va. | W.Va.| Ky. y. y. 
River miles above mouth of 0.3 85.7 84.7 84 115 114 113 

Big Sandy. F 
Number of samples-.-..-.------ 9 3 2 2 3 2 2 
Flow in cubic feet per second: 

Sampling days-.-.-..---------- 104 42 40 40 16 15 15 
Water temperature °C_.-...-_. 12.6 6.3 4.5 4.5 5.8 4.3 5.3 
Newocderd per + apes ase 54 81 350 142 1 242 6, 700 

ved oxygen per 

TROWNON 5 3 oy 5 hace ata =e 6.1 1251 8.0 10.3 2 11.4 8.6 


iochemical oxygen demand, 
5-day, parts per million..-.._- bee Ea | 1.4 29 2.6 0.9 3.3 13.2 
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TABLE Bs-5.—Big Sandy River Basin: Selected laboratory data—Main stream and 
tributaries—Continued 


1 lags ee at OD eh CRE & Tug Tug Elkhorn | Paint | Elkhorn} Clear D 


Fork Fork Creek Creek Creek Creek Fork 
Toecdtioni2s eek fs ak Above Below Below Below Below Below Below 
Welch, | Welch, | Jenkins, | Paints- | Kimball,| Coal- War, 
W.Va. | W. Va. Ky. ville, W. Va. wood, W. Va. 
Ky. W. Va. 
River miles above mouth of 161 159 158 66 168.6 149 157 

Big Sandy. 

Number of samples------------ 3 3 3 4 3 2 3 
Flow in cubic feet per second: 

Sampling days----.---------- 9 9 () 2 3 (4) 7 
Water temperature °C____----- 6.0 4.0 6.3 4.4 2.0 6.3 7.3 
Coliforms per milliliter__..--.-- 71 607 2, 400 3, 100 3, 860 2, 330 763 
Dissolved oxygen parts per 

Sdliiiiaeiteacds peszsesreeee 13.7 10.0 7.2 5.0 10.0 7.6 10.2 
Biochemical oxygen demand, 


5-day, parts per million_-.--- 2.6 7.5 6.2 12.8 15.9 34.2 6.9 


1 Less than 1. 

This basin was covered largely by a mobile laboratory unit operating 
during the period of October to December, 1939. Samples in the 
vicinity of Louisa and at the mouth were analyzed at the laboratory 
boat Kiski at Ashland during an 11-month period from June 1939 to 
April 1940. The stream flow during the period of operation of the 
mobile laboratory was low but both high and low discharges were 
observed during the sampling period covered by the Kiski. 

Figures Bs—-3, Bs-4, and Bs—5 show the location of the sampling 
points and the coliform, dissolved oxygen, and oxygen-demand 
observations. The results thus expressed represent the averages of 
from one to three individual samples where observations were made 
by a mobile laboraotry unit over short periods of less than 1 month 
at each sampling station and represent the most unfavorable monthly 
average where observations extended over several months. 

Rather high coliform counts seem to be characteristic of the streams 
at most of the sampling points. Nearly half of all stations showed 
counts of more than 200 per milliliter and nearly 65 percent of all 
stations had counts of over 50 per milliliter. About half of the 
samples from above towns had coliform counts of over 50 per milli- 
liter. 

The dissolved oxygen was uniformly high, being above 6.5 parts 
per million except at six stations and the oxygen-demand results were 
quite generally less than 3.0 parts per million. 

Acid stream conditions were observed in Muddy Creek, a tributary 
of Levisa Fork near Paintsville and along Mate Creek, a tributary of 
Tug Fork. pH values ranged from 3.9 to 4.8 and phenolphthalein 
acidities from 39 to 164 parts per million. None of the larger streams 
was found to be acid. 

Except along Elkhorn Creek above Welch there was considreable 
evidence of self-purification taking place below sources of pollution. 
Laboratory determinations show marked reductions of coliform 
organisms and of oxygen demand in the stretches between sources of 
pollution. Coliform reductions are less marked during times of high 
discharge. 

Laboratory data indicate a greater pollution problem on Tug Fork, 
particularly in the area above Jaeger, than on Levisa Fork. Self-. 
‘purification forces appeared to bring about a reasonable clearance of 
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the streams below sources of pollution during the time of this survey 
so that the acute pollutional problems in this basin tended to be 
largely local in their effects. 

Biological summary.—Aquatic life is scarce in the Big Sandy for 
the entire length of the stream. The acid condition of some of the 
small headwater tributaries is detrimental to the aquatic life in these 
tributaries and portions of the main stream. Coal washeries have 
some local damaging effect on plankton. The average plankton 
volume is less than 1,000 parts per million. The small towns along 
the stream do not add sufficient sewage to fertilize the water and the 
rapid current is not suitable for the development of plankton. Fish 
are found at the mouth, probably having migrated from the Ohio, but 
the flesh is contaminated from industrial waste. 


Hyprometric Data 


Five stream-gaging stations are currently in operation in the Big 
Sandy Basin and two others have been discontinued. Table Bs—6 
shows monthly mean flows during some of the driest periods, 


Taste Bs-6.—Big Sandy River Basin: Monthly mean summer flows for years in 
which low summer flows have occurred 


Rivyervijirsiiih adh. rie moi. toviinseniulliodoalaiuoas Levisa | Tug Fork 
Fork 
Léontiond i]. 10 COM BMIGIR78 iilotR) Bot Bd aeRO Awe Paints- Kermit, 
Ky. W. Va. 
River miles above mouth of Big Sandy._.......-..-.---------------------------- 66 63 
Drainage area (square miles)_.........-...-------------------------2----------+- 2, 150 1, 185 
TPES Oy, eet ent ek | Sette hee RO ee oRs. Sore Tae 1929-40 1930-40 
Pear Ol. SUMS SUA A ABA Olb) SA Se eee 1930 1930 
TEMG oO a ee eg hn ee ee Re cubic feet per second -- 137 114 
Joly not Sag Le SS Sea. ae ae wus 44.5 
| Pee CE et ote Pe | ER VEE Bars Sete ee 2 Gor. 145 78.7 
RE COLI DEE eee eee er Sn eae Te Ne eee See pee eta pepe ( Reem 33. 2 29.4 
pT rca nee Ae eine tah gretlint ecco ng FO Pea se 1a oad ae 1932 1932 
TESS Ee aeaiessy se eat Pare eT SOUS Bak cubic feet per second __ 748 685 
Beary Os 1 ae SAMAR SPAR SR. GSS BRO UE Sete gee Aer 5 eereenl we 1,076 794 
Atigost 9 crocct} acct oor bank eee tise sgesb eek yt do_..- 119 177 
1) STS aa ane SB eek cri vent nl ey al Ringed tapi meee 1S eee don. 30.4 1 
SEPSIS LENE ch Rr Pe AL aE Ie OBE Maan TSE 1939 1939 
Wtmetstsy36c16.9- tovorte coir }..0iht 3-4... pas cubic feet per second_- 1,010 612 
Rae GaSe iS pe ea a On oe Hl 0s... 1, 1,090 
ANSBHIOII SLIGO T9218i_ 8. SO vIOViil Gishione agi do__.. 345 280 
September: 9 4 aft 4 Tees SETA ae Me Deas sa ON fo... 64.7 60.6 


Lowflow regulation.—There are no flood-control or hydroelectric 
reservoirs in the basin although a number of sites on Levisa Fork 
and its tributaries have been studied by the United States Engineer 
Department. 

he locations of some of the possible reservoirs which might also 
e used for low-flow regulation are shown below: 


Milesabove| Drainage 
Name Stream mouth of jarea (square 
Big Sandy miles) 


Fishtrap Levisa Fork 130 

Found 12s Sig Jai Beit aie Pound River. <4. =¢----0---2---¢9-. 150 222° 

wo Me. ghia iii. Git SOSA lew Russell Pork LUG ee fev T ds 153 155 

Dewvand eG Bes RRR cert Sate ae ee Right Fork Beaver Creek.....--..-.-- 121 67 
in (2 jute ORY Se Rae PEERS NUNIET OTGOR etre cece ase See ees 52 207 


pee Ra ame Se BEE aT Gg ee Nin es ee NEP ee aed on TSE NG oa Ny 
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The Dewey and Fishtrap projects have been found to be most 
feasible. Under the proposed plan of operation the minimum sea- 
sonal flows could be increased by 2 cubic feet per second from Dewey 
and about 100 cubic feet per second from Fishtrap. This added flow 
would benefit stream reaches below the dam sites but is not sufficient. 
to allow a reduction in the amount of treatment required. Hence, 
low-flow control originating at these projects would have little tan- 
gible value. 

Discussion 


Because of the extensive use of Tug Fork and Levisa Fork as 
sources of water supply the need for sewage treatment to reduce 
bacterial pollution is greater than in many other parts of the Ohio 
Basin. A number of the water supplies, outstanding among which 
are Williamson and Pikeville, are subject to pollution from the town’s 
own sewage. 

The pollution-control problem is particularly difficult because of 
the many mining camps which are only partly sewered and for which 
the provision of interceptors and treatment plants would be quite 
expensive. The lack of other community facilities, the high indebted- 
ness, and the lack of permanence of.many of the communities are 
factors to be considered. Although there is ample apparent justifi- 
cation for an adequate pollution-control program, the difficulty of 
financing remedial works necessitates careful examination of the rela- 
tive benefits and costs of each project. 

At the communities along Levisa Fork below Russell Fork primary 
treatment of all sewage should be sufficient to maintain excellent 
dissolved oxygen conditions in the stream. This applies also to 
Paintsville which would, presumably, intercept the wastes now dis- 
charged to Paint Creek and discharge them, after treatment, to 
Levisa Fork. At Williamson and at the smaller communities along 
Tug Fork below Welch primary treatment should be sufficient. 

At Grundy on upper Levisa Fork and at Welch on Tug Fork at 
the confluence of Elkhorn Creek, as well as at the numerous towns 
on tributaries of the two main streams, secondary treatment will be 
necessary if nuisance conditions are to be eliminated during the dry 
summer months. The receiving streams at all of these places are 
subject to flows approaching zero. At the two larger communities, ~ 
Grundy and Welch, the problens involves a larger population and is 
more acute. As a logical starting point, installation of secondary 
treatment is suggested at these two points. As far as the balance 
of the pollution is concerned, it is suggested that a partial treatment 
be installed at all places where as many as 500 people are discharging 
sewage. Such treatment should do much toward reducing the effects 
of the sewage on downstream water intakes. Secondary treatment 
facilities can be added at these places as community finances permit. 

The practice of disposing of garbage and other refuse by dumping 
it along the stream banks or into the streams is common in this area. 
Unless this practice is changed, even the provision of sewage treat- 
ment will not maintain the streams in good condition. There are 
also many privies built over the streams or along stream banks where 
their contents can easily enter the streams. Much progress has been 
made with Work Projects Administration assistance in building sani- 
tary privies, but the program is not complete. 
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The elimination of pollution by coal-washery wastes presents no 
particular technical problems. Methods now in use in other places 
permit the recovery of virtually all of the fine material now entering 
the streams. At the time a demand develops for control of this. 
largely visual pollution, pore corrective measures should be taken. 

Acid mine drainage does not affect any of the larger streams. 
Completion of the program of sealing abandoned mines will help to 
improve conditions in those tributaries which are still acid. 

Flow regulation by the proposed flood-control reservoirs would 
have no appreciable effect on the need for the suggested pollution- 
abatement program. The estimated cost of the suggested pollution- 
abatement works for the Big Sandy Basin has already been presented 
in table Bs-1. 
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GUYANDOT RIVER BASIN? 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Guyandot Basin, comprising 1,670 square miles in the moun- 
tains of southern West Virginia, is an important coal mining area and 
is similar to the Big Sandy River Basin to the west. Only about 5 
percent of the total population of 148,000 is urban. Sanitary con-. 
ditions are poor. Pollution is uncontrolled, causes local damage 
and affects public water supplies. Acid mine drainage and coa 
washery wastes damage tributary streams. Techniques are available 
for abatement of the pollution but the needs of the people in other 
directions limit present justifiable correction to partial treatment. 


CONCLUSIONS 


' (1) There are 17 public water supplies taken from surface sources, 
of which 5 are from streams receiving sewage from one or more com- 
munities above the water intake. At the largest of these, Logan, local 
sewage affects the water supply. 

(2) Sewage from a population of 23,900 is discharged without treat- 
ment. The Guyandot River is not heavily polluted. The largest 
sources of pollution are at Logan and Mullens. There are no organic 
industrial wastes of consequence, although coal washery wastes and 
acid mine drainage damage a few tributary streams. About half of 
the acid mine drainage load has been removed by sealing abandoned 
mines. 

(3) Laboratory studies show that the effects of pollution are pri- 
marily local and that the Guyandot River at Logan and above pre- 
sents the major pollution problem. The streams recover rather 
quickly from. the effects of pollution and are in relatively good con- 
dition at short distances below the sources of pollution. 

(4) Low-flow argumentation by flood-control reservoirs would not 
have any appreciable value for pollution abatement. 

(5) Primary treatment of all sewage would be sufficient to maintain 
good stream conditions at most places. At some communities, where 
stream flows ayprest zero, secondary treatment would be required 
to prevent local nuisances. Considering the present financial con- 
dition of the towns, justification for the expenditure beyond partial 
treatment is questionable. 


1 For maps of this basin, see Big Sandy River Basin, 
566 2: 5- 
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(6) A summary of cost estimates of remedial measures from table 
Gy-1 follows: 


Capital Annual 

Treatment cost charges 
Lib ith ee Aen ae eee es ee Eee os eet AS ee Fae oe BS £53 0 0 
BUESEAtoO AGUIUONE!:-.  TeesAet CL ee ele oO ete eee amen $530, 000 $45, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are— 


Treatment Capital cost | nual 
(Primate @l: pages? ~* ON Sho Ce I Lee $530, 000 $45, 000 
Secondary, all places. ......-....--- ee Tee een Mier le ore meee St 730, 000 70, 000 


TaBLeE Gy-1.—Guyandot River Basin: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of 


Annual charges 


lants Po} ula- 
F peel con- | Capital 
ag ae ae 
to men mortiza-| Operation 
Pri- |Second- 
sewers tion and jand main-| Total 
mary | ary interest | tenance 
soaistine sewage traatment. <2 2.2202) eee A oe ee 0 0 0 0 
Suggested minimum correction: 
Sewage treatment plants_----_.-- 13 0 19, 700 | $300,000 | $20,000 | $15,000 | $35, 000 
eatired titerceplorsi: tho ci lw oe eo 230, 000 10; 000: exser2 10, 000 
Independent industrial waste cor- : 
OOUIOM} eG 2 osiee! dos ccueetastict bul te ee lee coc sob eae eet es liad. ele 
POUR Gth Ae Le oda Se Aaa coe ete oleae 30, 000 15,000 | 45,000 
Comparative cost: 
hare treatment alt waste... =| ce. 2-|-e8- coe ec tee eee 30, 000 15,000 | 45,000 
Secondary treatment all waste 47, 000 23,000 | 70,000 
Wastapesped oie eas. ccc tec eo 530, 000 30, 000 15,000 | 45,000 


DESCRIPTION 


The Guyandot River drains 1,670 square miles of mountainous 
country in southern West. Virginia and joins the Ohio River at 
Huntington, W. Va. Its only important tributary is the Mud River 
which drains 358 square miles and joins the Guyandot 7 miles above 
its mouth. With the development of coal mining the population of 
the basin has increased as shown below: ' 


1910 1920 1930 1940 
RTSSR Se ey Se bt eee oes Ooo seek ale 61, 630 89, 900 117, 233 140, 065 
RRs eee aon eles ok SAL seco cok ade tasanks|eibueemcanee 2, 998 4, 390 8, 192 
aE OLMES eh? a kok ie we deeetce tO eee 61, 630 92, 898 121, 629 148, 257 


The only towns of urban size are Logan (population 5,166) and 
Mullens (population 3,026). Much of the rural population is in 
mining camps which are concentrated in the vicinity of Logan and 
in the extreme southeastern part of the basin. 
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Water uses —The Guyandot is not navigable except near its mouth 
where it is affected by backwater from the Ohio. There are no hydro- 
electric power developments nor are there any proposed. No flood- 
control projects have been built but a reservoir above Milton on Mud 
River has been considered by the United States Engineer Department 
in connection with the authorized program for Ohio River flood con- 
trol. The Guyandot and some of its tributaries are considered fairly 
peed bass fishing streams and are extensively used by local residents, 

ut there are no developed recreation areas. 


PRESENTATION OF Fietp Data 


Figure Bs—1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure Gy—2 shows similar 
data and, in addition, the location of water-supply intakes below 
sources of pollution and laboratory data on coliform organisms, 
dissolved oxygen, and biochemical oxygen demand. 

Public water supplies —Kighty-nine public water supplies in the 
basin serve 61,500 people. Only 17 of these are from surface sources 
and only 5 of the surface supplies come from streams subject. to 
pollution. Table Gy—2 shows data on the surface supplies. The 
underground water is usually quite hard and is limited in quantity. 
A number of the communities use mine drainage as a source of water. 


TaBLe Gy-2.—Guyandot River Basin: Surface water supplies 


in| cdene 
Popula- | sumption 
State Source Mile! ee, fon. | million” 
nt"! served | . gallons 
Supply per day 


Supplies below community sewer outfalls 


0 ee ek ee tee a West. Vir- | Guyandot River__-----...---- 82} FD 9, 000 0. 50 
ginia. 
i aa a ee Ae Ss es eee Liane ie Wee Peat Or es oe ee eens 93 FD 1, 000 04 
EMA Git Alle AeA EL doptek. MudiRiveti iil vere. si 24 FD 1, 400 - 06 
Monavie. = 4.24: )u., do___..| Island-Creek, Mill Creek----- 84} ILD 800 . 04 
Ambherstdale_-_--....--]----- Goe.—=- Mine, Buffalo Creek----.------ 99 D 700 03 
Other surface supplies 
BWV REGENCE S02 Se ee oe West Vir- |Mine, Whitman Creek_--.----- 84} FD 1, 500 0. 06 
ginia. 
Piezo Ti SS ee ct Wot? ik Well, Mud Fork__...--------- 85| FD 600 . 04 
Holden Mine No. 22--|----- Og Well, Pine Oro: 2x55 +S. 94} ILD 500 06 
Cri hte ne FEF STA do. ...| Well, Little Creeks. 2222. .2.- 92 D 2, 000 15 
Barnabus 3 (Cpe Sow. POsicrpaere oh bes 200 - 02 
Gee" a naire recente uainsae Ca |) SOR Gam ates cv Liesl =-3 Garant art = 1, 500 - 08 
Slagle ____. Wore ya) Rum Creek, well__- 700 -03 
Macbeth_-_ aos. Mine, small stream_ 400 .02 
Earling On, Fy hee 7) CO A ooh aA oo a 700 - 02 
Ambherstdale (Becco)_|----!do--__-|____- Ci Fp an ay alee Sew NG Ea, We hot 800 04 
CT) ipa SIRE” FE Reta: REESE Ges 203 Bmallistwabine: 3. “os aee se aoe elyo se 300 -O1 
Wnm@Omne@ns o~ 2.) 0 2 See G02 «a= Smal¥ stream—mine 100 OL 
Total: 

IDGlOW SWE OU tale ve. so 8 ence. er a oe ce ee 12, 900 0. 67 

AGH et eee Sos a cae A ee A aE A eS Soke © ee pee 9, 300 . 54 

[hotal auirisos WaLer SUDD Mess so 205 <n ees cep enceenc es ccnuueeeaty 22, 200 1.21 


1 Miles above mouth of Guyandot River. 

2 F—Coagulated, settled, filtered, I—Iron removal, L—Lime, soda softened, D=Chlorinated. 

3 These three towns have separate systems and wells for use during summer. During the winter they are 
all served by supply from Little Creek above Stirrat. 

4 Filtered, no coagulants. ; 
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Sewerage.—Table Gy-3 shows the sewered population at each of the 
more important sources of pollution in the basin. Less than half of 
the people served by water supplies are connected to sewers. None 
of the sewage is treated. In addition to this sewage, a considerable 
amount of polluting matter reaches the stream from insanitary privies 
overhanging the streams or on the stream banks. Garbage and other 
refuse is commonly dumped into the streams. 


TasLe Gy-3.—Guyandot River Basin: Sources of significant pollution including 
'  tndustrial wastes, expressed as sewered population equivalent (biochemical oxy- 
gen demand) 


F Sewered population 
Miles (equivalent biochemical 


mouth | tioncon-| Treat- | °*Ysen demand) 


Municipality Receiving stream of Guy-| nected | ment 
andot |to sewers 

River Untreated | Discharged 

Merrill spa c0 2. oo... Guyandot River....------ 77 500 | None. - 500 500 

wweeat Logan 327 sss) te. LRA Sed Ftd fen SS AF a 78 900 |--.do__.. 900 900 

Peach Creek.....-....- Gyyendet River-Peach 78 500 |---do--.. 500 500 
reek. 

Bogan Dae ei ae River-Island 81 5,900 |.-.do.._. 5, 900 5, 900 
reek. 

Stollings-McConnell__..| Guyandot River_.._..._-- 83 600 |.--do___. 600 

BAONEE ordi SC 24 5-3. Gagandot River-Buffalo 94 1, 100 |--.do___. 1, 100 1, 100 
reek. 

Pitievitiecis2. 26 ULlLoe Guyandot River. --...---- 143 700 |-..do_... 700 700 

ic TFT aes ae eo Guyandot - River-Slab 156 2,300 |.-.do__.. 2, 300 2, 300 

ork. 

Barboursville_.........- Mud River. 52. 532-0392" 8 1,400 |.-.do___- 1, 400 1, 400 

CLE ee a BS Aa MO od Lo ee mae 24 BOG Co doves. 800 800 

LN TAL ES SEARS SH TMD Tee 1 TR A PEE BE SR 44 900 |-.-do.... 900 900 

LIN GE ha eens i Copperas Mine Fork.---.- 84] 1,000 |-..do.___ 1,000 1,000 

Holden Mine No. 22._..| Pine Creek.............--- 94 500 |--.do____ 500 500 

Orner goto oes Island Creek-Pine Creek _- 89 1,600 |-..do___. 1, 600 1, 600 

12k a eee Winding Gulf Creek- 165 1, 200 |--.do___. 1, 200 1, 200 

Berry Branch. 
MN RIHEEEINCUISOGS =o Saee tudo Io Dc 2 oS eas oe 4,200 |...do__.. 4, 200 4, 200 
PROGR. 2 oki oot tue sin test lie eed an tacl uetaaee. PL 24, 100 24, 100 


1 Including some adjoining communities. 


Industrial wastes—The only riper in the basin dischargin 
organic wastes is a small cannery at Milton. Most of the 25 coa 
washeries in the basin cause some pollution by the discharge of fine 
coal particles which make the streams turbid and blanket the bottom. 
The steam-electric power plant at Logan dumps ashes from about 
900 tons of coal per day into the Guyandot River. 

Acid mine drainage causes damage to some of the tributary streams 
but has no great effect on the main stream. Island Creek receives 
most of the acid drainage. The original acid load has been reduced 
by about 46 percent by the mine-sealing program formerly in operation 
in the area. Most of the remaining acid comes from active mines, 
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_ PRESENTATION OF LABORATORY DaTA 


A tabulated summary of the laboratory results is presented in 
table Gy-7 (p. 572). Selected data are in table Gy-5. 


TasBLeE Gy-5.—Guyandot River Basin: Selected laboratory data—main stream and 


tributaries 
RIVET Ue sete noe ata Guyan- | Guyan- | Guyan- | Guyan- | Guyan- | Guyan- | Guyan- 
dot dot dot dot dot dot dot 
bre tn itr eke le aes Eee Ri A ee Above | Below | Above | Below | Above | Below | Above 
Mullens | Mullens | Pineville} Pineville} Man Man Logan 
River miles above mouth of 156.5 155.5 143.5 142.5 94.5 93.5 82 
Guyandot. | 
Period (1980. S45 2 SIR eK aS 8 Sea. Ss a Ee ee 
Number of samples.__...------- 2 2 2 2 3 2 3 
Flow in cubic feet per second: 
eaten aca Star: 5p LORE eee teeta NEPA ce ma er | (bat oS tee and Cae ears Bo ee re 2B | BOF ead teed 
ater temperature, °C___.._.-- 1.5 1.5 2.5 2.3 5.7 5.5 5.7 
Coliforms per milliliter__..-.__. 66 (‘) 2 242 7 
Dissolved oxygen parts per 
co) a Sa ape so 13 9.6 13.0 11.9 12.5 13.5 13.2 
Biochemical oxygen demand, 5- 
day, parts per million_.____-_- 1.6 4.2 1.6 2.5 2.6 4.0 3.6 
Rivers: 253 43 ss ABS Cae eis Guyan- | Guyan- | Guyan- | Guyan- | Winding| Island | Copperas 
dot dot dot dot Gulf Creek Mine 
or 
ideation 2. fs sie Water | Below | Below | Below Below | Below 
intake, | Logan Chap- Bar- Omar | Holden 
Logan mans- bours- 
ville ville 
River miles above mouth of 81.5 80 77 7.5 : 88.5 84 
Guyandot. 
Weriad: W080. sos Ss Pe eas heeded LCs dg de ce oa oer ere ear ee 
Number of samples.__......---- 3 3 2 1 2 2 
Flow in cubic feet per second: 

RUNNING COUR od obs cietvcl oases ee BI ec 32 Sie wtee dea lewnon une eelanonweente 
Water temperature, °C__...__.. 5.0 10.3 6.5 1.5 5 7.3 
Scena per milliliter.__.._. 64 118 13 0 1, 670 41 

issolved oxygen, parts r 

million____- a ¥ = dete. 4 Le pe P 13.3 Vad 11.4 13.6 8.4 8.9 
Biochemical oxygen demand, 

5-day, parts per million___-_. 2.8 3.1 1.6 6 212 13.2 

1 Less than 1. 


Laboratory observations in the Guyandot Basin were carried out 
largely by a mobile laboratory unit during November and December 
1939. Observations at the mouth were made from two to four times 
monthly during the 10-month period from June 1939 to April 1940 
by the laboratory boat Kiski from Ashland. The Kiski also made 
Observations at Barboursville and along the Mud River. : 

Figures Bs-3,. Bs—4, and Bs-5 present graphically on spot symbol 
maps the results of the coliform, dissolved oxygen, and oxygen de- 
mand determinations at the several sampling points. The results 
thus presented are averages of from one to three determinations from 

ose points sampled during a period of less than 1 month and repre- 
Sent the most unfavorable monthly average where observations were 
made over a period of several months. 

The Guyandot River above Logan presents the major pollution 
problem in the basin. Points below Logan and on the Mud River 
show little pollution except at the mouth where the results are affected 
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by Huntington’s sewage. The coliform and oxygen-demand results 
are in good agreement as to the major sources of pollution—Helen, 
Mullens, Man, Omar, Holden, and Logan being the more marked 
sources of pollution. The dissolved oxygen results presented a 
uniformly good picture. 

The stream recovered sufficiently between one source of pollution 
and the next to produce relatively good conditions at those stations 
above town. Considerable coliforms and oxygen-demand reduction 
is apparent in these stretches despite the rather cool weather. Stream 
flows in general were low during the sampling period except in the 
area sampled from the Kiskv. 

Acid stream conditions were found along Island Creek and its 
tributary Copperas Mine Fork, pH values ranged from 4.5 to 5.2 
and phenolphthalein acidities from about 20 to more than 200 parts 
per million. 

The laboratory results indicate that the effects of pollution on the 
Guyandot were primarily local under the low stream flow conditions 
existing at most stations during the time of this survey. 

Biological summary.—The Guyandot is heavily polluted in the 
upper reaches by mine drainage, which renders that portion of the 
stream unsuitable for aquatic life. The plankton volume of less than 
500 parts per million indicates that the entire stream is comparatively 
free from organic pollution. 


Hyprometric DATA 


Four stream-gaging stations have been maintained in the Guyandot 
Basin at various times and two are currently operated. Table Gy—6 
shows mean monthly flows during the summer months at these two 
stations for some of the dryer years of record. 


TaBLE Gy-6.—Guyandot River Basin: Monthly mean summer flows for years in 
which lowest summer flows have occurred 


RIOT eet ee oar reek St oN Let ee ce seen oweataata Guyandot Guyandot 
TST CN Ta (eae Sh 5 ee ai oe Sg oR Soe eer Ra A AMR Sewer aa SU Man Branchland 
HLVOR ses ADOVE.IOULL OF GiTVANdOt.25. 22 oon pace t eae aese ates aasagecos 94 34 
Dries ated (square miles) i 24 jit Jeti e ein des) sss esse Se 762 1, 226 
TECTRL OST dg) cto Me Se EN MERE TOR CSS Pearse ene STA 1929-40 1929-40 
Pe ee Been SN ae nn eee ae ene eat aiash naan eee 1930 1930 
Ty sbit. te SRR SETS CR re ear eR eieet Cs ees tea cubic feet per second__ 53.5 79.8 
1 ae BONS SI EN Se BS 2 Oe Ss Sed S10 o et ee ee a eee do__. 12.3 15.1 
PAIOTBG eS osos ees eat ee tk eb oe ee ete oe ed do- 42.1 48. 4 
RI LCRADOT 2. RO eee ne een bone eee aedensase do 9.5 21.8 
Sf EM oy RE 2 AEE ATI, SSAC ELE eee Semen epee ta, ee Re AT Er 1932 1932 
RG edt ES eae Se hs fa ea cubic feet per second__ 923 1, 460 
5 ol hp sre eal ay BA pods BEM oh Seals trast BOR ites as rape PN qo: 956 2,090 
Uc Tay cy oS ee ee 28 OL SN Os pps eG ee GS Rae a eg os Se oe ee Ee aosir2 186 245 
RREAHEDAD Sohne ak ee eo Be ee do. s. 31.4 42.4 
be eet ae RE es Ses Seema Cae. re Seer TS poe Ue kere 1939 1939 
eEEe ie aeietce poe oe eck oY eb a eee cubic feet per second_- 730 
a A re beh on ee Semen aena ee 690 1,010 
LAs Baye Ae eS 28 8 Bis £2) a ahs het BOR ROE OE eee Oe ee do 152 2. 
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Low-flow regulation—There are no flood-control or hydro-electric 
reservoirs in the basin at present. One reservoir has been authorized 
by the Congress as part of the comprehensive program for Ohio River 
flood control. This is on the Mud River above Milton and could be 
operated to increase the minimum flow below the reservoir by about 
22 cubic feet per second. However, this additional flow would not 
reduce the degree of treatment required at down-stream communities 
and the benefits would be largely intangible. 


Discussion 


The pollution problems of the Guyandot are primarily local ones. 
At most of the communities primary treatment of all sewage would be 
sufficient to maintain good oxygen conditions. At some of the towns 
on tributaries, stream flows become so low that secondary treatment: 
probably would be needed to prevent local nuisances. 

At Logan, sewage from the adjoining communities should be inter- 
cepted and treated with Logan’s wastes. This is particularly desir- 
able in the case of Stollings and McConnell whose sewage enters the 
Guyandot above Logan’s water intake. 

Because of the local nature of the pollution problems of the basin: 
and the character of the communities it is suggested that partial treat- 
ment of all sewage be provided. Secondary treatment can be added as 
community finances permit. 

Most of the coal washeries are equipped to recover the fine particles 
which now enter the streams at some of the plants. ' Those washeries 
not now: equipped to recover the sludge should be so equipped and 
greater care in operation should be practiced to prevent the discharge 
of coal dust to the streams. 

The estimated cost of the suggested pollution abatement program is. 
summarized in table Gy-1. 
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SCIOTO RIVER BASIN 
SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Scioto River Basin lies wholly in Ohio and comprises 6,510 
square miles, including the Columbus metropolitan area and 10 other 
cities of from 5,000 to 30,000 population. Most of the basin is a 
highly developed agricultural area. The total population is about 
740,000, of which 60 percent is urban. More than half of the popula- 
tion is in Franklin County (Columbus). Commendable progress has 
already been made toward pollution abatement. The present lack of 
practical methods of industrial waste treatment deters further prog- 
ress in certain sections. Pollution control by increasing low-water 
eed cet om in further improving conditions below Co- 
umbus. 


CONCLUSIONS 


(1) Most of the municipalities in the basin have developed under- 
ground water supplies which appear to be adequate. In general, 
pollution is not seriously affecting public water supplies. There is an 
increasing demand for cleaner streams for recreational use, particularly 
in the vicinity of Columbus. 

(2) Sewage from a population of about 412,000 and industrial 
wastes with a sewered population equivalent of 426,000 are discharged 
to sewers. More than 95 percent of the sewage is treated. This 
treatment, plus treatment of industrial wastes in municipal treatment 
plants, reduces the total population equivalent of the wastes from 
838,000 to 251,000. 

(3) The laboratory results indicate that the Scioto River, Paint 
Creek, and sections of certain other tributaries south of the latitude 
of Columbus would, at the present time, be unfit as sources of water 
supply because of the high bacterial content. Above Columbus, ex- 
cept in local zones, the situation appears much better. As regards 
other uses, the situation is similar to the above but less critical. 

(4) The Scioto River below Columbus carries considerable residual 
pollution from the city. The Columbus sewage treatment works is 
designed to maintain not less than 3 parts per million dissolved 
oxygen below Columbus at all times. This should be possible except 
at times of local rains. On account of these local rains oxygen con- 
ditions suitable to maintain fish life below Columbus require an esti- 
mated minimum flow of 75 cubic feet per second in addition to the 
sewage effluent from Columbus. 

(5) As the 75 cubic feet per second minimum flow is required only 
for a matter of hours during local flash floods, a suggested solution 
involves use of limited storage as at Whittier Street Dam at Columbus. 
A draw-down of 0.85 feet, to which there appears to be no objection, 
would supply the necessary flow for 12 hours. A trifling capital cost 
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and no additional annual maintenance would be required in provid- 
ing this flow. 

(6) An estimated 22 cubic feet per second can be maintained by the 
proposed Delaware flood-control reservoir. This sustained flow would 
improve the stream to a limited extent and would replace water stored 
above Whittier following use during local flash floods. 

(7) Several sections of tributary streams are grossly polluted. 
These are primarily local problems and the tributaries, with the ex- 
ception of Paint Creek, are in suitable condition for all normal uses 
at their confluence with the Scioto. 

(8) In view of the normal uses of the streams involved, refined 
treatment at certain sources of pollution would serve no purpose com- 
mensurate with the expenditure. In these instances, lesser treatment 
appears justified. A summary of comparative cost estimates of 
remedial measures from table Sc—1 follows: 


Treatment Capital cost Annual 


charges 
a EsuITr ee tt ae rot AL Shs EIR RG ATS ERAS oo seeest $12, 890, 000 $1, 090, 000° 
Pnorestodadusionel sci: bs bers fk weit ie chested. Mecsetiepe e-beam aah , 800, 000 180, 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are— 


Treatment Capital cost igen 
Pmenerye dh QiAdens. roots geeks het fa eas eet el shaadaanee $1, 060, 000 $150, 000° 
Secondary, BU TRUOGS 5 Nena Peete ee a Si Ya Se eS ee 1, 700, 000 225, 000- 


TaBLE Sc-1.—Scioto River Basin: Estimated cost of existing and suggested mini- 
mum corrective measures for municipal and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of Annual charges 
plants 
BA dooead Capital |}————__—________—_- 
nected to pn Amorti- |Operation 
Pri- |Second-| sewers zation and Total 
mary ary _ and mainte- 
interest nance 
Existing sewage treatment. __-_.- 15 18 | 401, 500 |$12, 890, 000 | $740,000 | $350, 000 |$1, 090, 000 
Suggested minimum correction: : 
Sewage treatment plants____- 18 4] 11,100 670,000 | 50,000} 30, 000 80, 000 
oe meres i Ne 7 8| Ao bak 7) | ee tence Shag Oe ag 260, 000 0, O00 tiie ose 2 10, 000 
ependent industri 
Garett a wees cdl lesan 370,000 | 50,000 | 40,000 | 90, 000 
DOLL ey fogs cts a coe eet Wc octal sosucs ee |eeaeeeuce te UyOUU, 000 |, -210,000+1'75 70; 00014" - 190; 000 
Comparative cost: 
Primary treatment all waste._|_......-|_.--.---]_-----2---- 1,060,000 | 90,000 | 60,000 150, 000 


ie oper ie ER ESI Re arene oe el NOR. Bn omen 1, 700,000 | 140,000 | 85,000 225, 000 
Use ces 8 ed de ho ee 1, 300,000 | 110,000 70, 000 180, 000 
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DESCRIPTION 


The Scioto River Basin, 6,510 square miles in area, occupies the 
central and south central portion of Ohio. The river rises in the 
flat Till Plains near Marion and flows in a generally southerly direc- 
tion to its confluence with the Ohio River at Portsmouth. 


Miles above 
Drainage area, 
mouth of Scioto rope 
iver square miles 

Major tributaries: > 

RM RE sods: 2 8 oe ae De ome samen achat ooo u EL wows 51 

‘Paint Greele- 2. | 55... sR ee Te at ak oe Se auc ene 63 1, 143 

LIS ce) een ap ieee IE pie Me NP ier Ss ied cap Doe a ke Sr 85 

LEP Scag 0 a aa ae SE ERE Ts ae oe Sipe: 1 ae ie te eee 100 557 

aaittlo: Wealmat Creek 5. Sob ot eee, Sioa ase 106 281 

Big -WalneiiCreek.«. ot skid oe hee sadenedens ucla lb oat 117 557 

A Blenibean ey Rely OP Stee Son 5k Sh ee Setanta cell feGce ue Dudees 132 536 
nn nnn 2d 

Populations 
1910 1920 1930 1940 

Larger cities: 

@olampyessacbes sas ok es ele eee cae 181, 511 237, 031 290, 564 306, 087 

Pieroni 40 ee nS aol bce aoc sadhaes saa 18, 232 27, 891 31, 084 30, 817 

iiiiogthe thy ee ener Seer ee mens 14, 508 15, 831 18, 340 20, 129 
Total basin 

PROT Sh eles. oo Seo bu cana cae etoobatenc 274, 691 268, 896 269, 434 291, 761 

OR et eo tS ab el eon ee 272,845 | ° 341,841 420, 506 447,790 

POtaly + ope ii i cr ttets--eaae. 547, 536 610, 737 689, 940 739, 551 


Industries —While the Scioto River Basin is primarily an agricul- 
tural area, there are important industries, of which paper mills and 
canneries predominate. Other industries of lesser importance include 
meat, milk, metal, chemical, and rendering plants. 

Water uses.—The city of Columbus secures its water supply from 
two reservoirs, total capacity 6,000,000,000 gallons, on the upper 
Scioto River. Flood-protection works, required primarily to reduce 
flood damages at Columbus and downstream, have been studied by 
local conservancy districts and the United States Engineer Depart- 
ment, 

The Scioto River is not navigable and has no water-power develop- 
ments. Columbus reservoirs are the only ones of appreciable size 
in the basin. Restricted recreational developments are present on 
the Scioto River below Columbus. ; 


PRESENTATION OF Finup Data 


Figure Sc—1 shows the location and magnitude of all sources of 
organic pollution of consequence in the Scioto River Basin. Figure 
Sce-2 shows similar data and, in addition, location of water supply. 
intakes from, streams below sources of pollution and laboratory data 
on coliform organisms, dissolved oxygen and biochemical oxygen 
demand. ° 

Public water supplies—F¥orty-four public water supplies in the 
basin serve a total of about 480,000 people. Five of these supplies, 
as shown in table Sc-2, are from surface sources. 
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* 
! ‘ ) . 
TABLE Sc-2.—Scioto River Basin: Surface water supplies 


ne 


Consump- 
: latio tion 
Source Mile! ea Bone >! million 
: gallons 
City per day 


en 


Supplies below community sewer outfalls 


a ene Caner 


Bcioto; River. Shr.) Oe), Ea 138} LD 332, 000 31. 40 
Olentangy River______.._._____- 164| LD 10, 000 75 
‘Ali Creek oe 150| LD 3, 500 19 


re 
Sembary, ie eles. Impounded-Wells..._..-...-----|-------- LD 700 0.02 
Misryavilie.d Joris... 25. Mill Creak-woll -.<2h.2w-coue2loandec LD 4, 000 | .30 
> —_———=—— 

Total: 
crite ein eg OnE eR a ae en a en — 500 32.34 
LCT ie AES a a ee Minnie gigas DN RAP ater te tie ie Alcuin mer om , 700 32 


1 Miles above mouth of Scioto River. 
? L=Lime-soda softened; D= Chlorinated. 


Above the Columbus supply, most upstream pollution is treated. 
Storage provides an additional safeguard and the bacterial quality of 
the raw water is good. : ; . 

Delaware suffered a serious water shortage in 1930 which might be 
overcome by supplementary low flow from the proposed Delaware 
Reservoir. There are no important sources of pollution immediately 
above Delaware and, in general, remote pollution of consequence 
receives treatment. i 

Sewerage. —Table Sc-3 shows data on the more important sources 
of sewage pollution. All but one of the towns of any size have Sewage 
treatment facilities, although not all are adequately equipped or 
properly operated. More than 95 percent of the sewage is treated, 


TaBLeE Sc-3.—Scioto River Basin: Sources of significant aes including 
industrial waste expressed as sewered population equivalent (biochemical oxygen 
demand) 


LLL RN ETNTRT (GSES Tae enTERSRRERREETienr menreecomenenen eeacrceeeecnnentnn a ee a eS SR ar 


Sewered popula. 
tion equivalent 


Miles | Popula- biochemi 
above |tioncon-| reat. ( 2chemical oxy- 
5 gen demand) 
Municipality Stream mouth | nected ment 
of Scioto to ; aie ooo 
River | sewers Un- 


Dis- 
treated charged 


—- ey ae eee 

Chillicothe 1__________ Baldto. Rivery) 2 we 69.6 | 16,000 | Primary--) 21,500} 10, 099 
Federal Institution___|_____ (SNP ae Sar EO 72 3, 600 }----- aes 3, 600 3, 200 
(Tey ae acy ier) dee Fi a lied aed 2 hyde a aed 99.8 4,900 |..--- gee 90,700} 76, 100 

MEGNs rier ra Maro Qs  Cetivcae: rls see 1 8e 300, 000 | Secondary | 543, 800 48, 800 

SSIES RI ae Oe i as ae eae a Boge in None...--| 5, 200 5, 200 

3 BaltiGtpek os .t Una Bae 75 4,500 | Primary_-| 5,600 4,000 

Paint Greek. tscii! 2. 30. 66:6 toccrt oi None-----| 47,600] 47, 600 

PSS sober ceids ves eld Mose t Sees: BY ae 85 400 | Primary_-| 3, 400 3, 300 

¥  Eissitiping d6l- ites 5U Sess ho 138 3,000 | Secondary_| 3, 100 500 

sven ers Porky QOS = or oy ee 111.2} 3,400] Primary_-| 5,700 3, 800 

jee (Oe Cae CP ee ea 130 . ay eid eae - 300 5, 900 

wee 118. eco. wh iynds 500 

selefiAes wb As ia: aaa peptic UCT ei Gar pe ie oe De 


! Municipal waste to Scioto River; most industrial wastes to Paint Creek. 
2 Strawboard plant wastes. 

3 Treatment plant equipped with storm-water holding tanks. 

‘ Recent treatment plant. Not in operation in 1939, 
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TaBLe Sc-3.—Scioto River Basin: Sources of significant pollution including 
industrial waste expressed as sewered population equivalent (biochemical oxygen 
demand)—Continued 
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Sewered popula- 
tion equivalent 


Miles | Popula- 
(biochemical oxy- _ 


above | tion con- 


Municipality Stream mouth | nected Treat- gen demand) 
of Scioto to ment 
River | sewers 

Un- Dis- 
treated | charged 
West Jefferson___.___- Darby Crooks 5. et 140 500 | Primary_.| 3,000 2, 800 
Plain Citys. Sse Ps res ek NS + ae PES 150.9 900 | Secondary.} 5, 600 3, 200 
mativalle ye = Se Little Walnut Creek_...------ 110 900 | Primary__| 3, 200 2, 900 
Canal Winchester ____|_---- CS Kenan pepe preamps | caer ep ee 130 1, 000° |---=2 002-2 2, 800 2, 500 
Baltimore: o-.0 a (jie os at, Da Ree ee 141 600 | None____- , 800 5, 800 
Westerville. ____.._._- Big Walnut Creek__...------- 152 3,000 | Secondary. 5, 100 800 
Dialawere. t=) Qientangy 2) Joe.) o5 te d= 158 8,000 |_---- Mesa , 300 900 
IMO Son Pe C6 1 elie EP Rhee) a en lt Sk 216 6,000 (e223 ra bs mau 6, 000 900 
IM ofesvsli6s 5 os pS Gs cate “eR BPR Resceeie OE, 173 4,200 4a. sa rel Vesa , 400 1,000 
Whatton Je: nbs TAtEIO PCIOLG: ta00 ef ee 186 24, 000 |_---- ul pais 24, 000 4, 500 
Bimal. “sources. (903.2 see ee ee a 12,000 | Various_-..} 20,900 16, 700 

towns). 

TORN Jochen tiidht oon occeot swe a = tise aa eines oa i CO a ne 838,500 | 251, 400 


Industrial waste—Data on 48 industrial plants, wholly or partly 
unconnected to municipal treatment, are summarized on table Sc—4. 
However, by far the greatest industrial waste load is tributary to 
present municipal treatment. The Columbus and Circleville treat- 
ment plants both handle heavy industrial waste loads. 


TaBLE Sc—4,—Scioto River Basin: Summary of industrial wastes not discharging 
e municipal treatment plants, with total of entire industrial waste load in the 
asin 


Industrial waste 


disposal 
Number 


Industry of plants | yrunici- 


At least 
minor 
corrective 
measures 


Estimated 
population 
equivalent 
(biochemi- 


cal oxygen 
demand) 


Private 


outlets taken 


UE ee 


_ 


OWA ROS 


RUIN 2 hie Sagan Sale 3 ated cou a eae 1 


PRESENTATION OF LABORATORY DATA 


Summaries of laboratory results for the Scioto River Basin are pre- 
sented in table Sc-7. These data have been obtained in part from the 
operations of three laboratory units connected with the present sur- 
vey, and in part from the results of a previous survey carried out by 
the Public Health Service along the main Scioto River below Colum- 
bus during the years 1937-39 (these results have been transcribed 
as monthly averages for the period January-July 1939). The data 
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for the upper Paint Creek watershed are based on continuing observa- 
tions from the Cincinnati laboratory in 1939 and early 1940. For 
the remainder of the basin, the observations were made by mobile 
laboratories, covering shorter periods of time during September and 
October 1939. . 

Selected average monthly laboratory results at some of the principal 
points in the basin are tabulated with flows on sampling days and the 
minimum month on table Sc-5. In general, the results selected repre- 
sent the lowest flow conditions during the sampling period. 


TaBLE Sc-5.—Scioto River Basin: Selected laboratory data 


iver. eb war ekt tLe << OREN 6 Scioto | Scioto | Scioto | Scioto | Scioto | Scioto | Scioto 
POCALOI see hei re Above | Below | Upper | Above | Shade- | South | Above 
Kenton | Kenton | end res- | Colum- ville Bloom- | Circle- 
sevoir bus field C) 
9 lg above mouth of 210 207 153 129.0 119.8 109.0 99.5 
cioto. 
Period, 1980. fs. 2 OY October | October | October | June June June June 
patho of ae sierra ks re 3 3 1 17 17 17 17 
low in cubic feet per second: 
Sampling days-_.__...._..- 2.2 fe a 2, 680 2, 800 3, 370 4, 360 
PORERISTE TOAD Ns Ye st nt af or 7 Je ee oie ea: AGN ere hed oe eas 
Water temperature, °O_ 15.5 16.8 20. 5 23.7 1 24.0 23.6 
Coliforms per milliliter 7, 400 9 977 5, 390 838 347 
ssolved oxygen, r 
pullin, ne BS Zig sheer 8.6 1e7 6.9 7.1 3.0 3.9 4.6 
ochem oxygen demand, 
5-day, parts per million. .___- 2.0 7.5 2.6 3.4 4.6 3.3 2.7 
T_T Ee 
0 APES SND ie ere Scioto | Scioto | Scioto | Scioto | Scioto | Scioto | Scioto 
OORT 6 cue ede ecko Pennsyl-| Kellen- | Chilli- | Kilgore | Higby | Waverly | Mouth 
vania berger cothe Bridge Lucas- 
fe Bridge ville 
ridge 
River miles above mouth of 95.8 86.2 70.0 64.3 55.7 38.7 15.0 
, oto. . 
Period e1asgs. 9 June June June June June June June 
9 9 9 9 9 
6, 160 6, 190 6, 970 7,820 8, 390 
2218) eee ee ri aie a en ed By Oe 
24.6 24.9 24.5 24.4 24.3 
Coliforms per milli 948 198 244 429 136 63 
ssolv oxygen, parts r 
sree = Sin 3 ae tes a A 4.6 4.1 5.9 6.2 5.3 5.8 6.5 
ochem oxygen demand, 
5-day, parts per million. _____ 4.6 3.3 2.9 2.8 2.8 2.5 pal 
|S SS Oe 
River....... iaiticbas tt Little | Little | Olen- | Olen- | Little | Little | Rocky 
Scioto | Scioto tangy tangy | Walnut | Walnut | Fork 
1 Ur hr Ah Above | Below | Above | Below | Above | Below | Above 
Marion | Marion | Dela- | Dela- | Balti- | Balti- | Hills- 
ware ware more more 


River miles above: ; 
Confluence with Scioto_.-.- 2 9 28 24 36 33 57 


Mouth of Scioto__..__------ 86 180 160 156 142 139 120 
Period, 1930... ee October | October | October | October | October | October | October 


Number of samples. -.----- jah ons Spl 3 2 2 3 3 1 


- ling oe hag * 1; : 43 11.8 11.8 is A Bilcoueeel es 
mum month_.- eee ! . eM fe sessesse 
Water temperature, °C___._____ 16.0 15.7 17.5 18.5 8.2 9.8 16.0 
Sime per milliliter...-.--- 26 | 38,300 12 26 18 2, 730 24 
Ssolv ar’ 4 
fie be 10.0 1.8 8.5 10.8 7.4 6 78 


m 
Biochemical oxygen demand 
6-day, parts per million... 3.7 13.5 3.0 2.8 2.0 87.7 1.2 
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TABLE Sc—5,—Scioto River Basin: Selected laboratory data—Continued 


BnlVebecandiLsoseee eaoeeee cere Rocky Paint Paint Paint Paint Paint Paint 
Fork Creek 


Creek Creek Creek Creek Creek 
E-QCAMON sau cto Halas cssesce Below Above No.1 Above Below Wit ot Mouth 
Hills- Wash- Below Green- QGreen- hilli- Chilli- 

boro ington Wash- field field cothe cothe 


Court ington 
House Court 


House 
River miles above: 
Confluence with Scioto-_---- 54 67 65 49 47 3.4 
Mouth of Scioto______------ 117 130 128 112 110 * 66.6 64.5 
eriOd, 1080. Sn cet no aeeeee October | Septem- | Septem- | October | October July July 
r er 
- Number of samples. ...-------- 1 1 1 1 1 5 5 
Flow in cubic feet per second: 
Pamipling Gays. 25 co- 22st alnwnce feuds 3.0 3.0 2.0 2.0 330 330 
Minimum month-.--------- ee eres Bae eer Fi A 10.3 10.3 
Water temperature, C°_--.-.-- 17.6 20.0 19.0 17.0 17.0 23.0 24.0 
Coliforms per milliliter__.------ 4,600 | 150,000 | 240, 000 23 24, 000 39 |, 156 
Dissolved oxygen, parts per 
SUNG AE Hs 7s Se ek co snke 4,2 4 0 4.6 0 7.3 5.7 
Biochemical oxygen demand, 
5-day, parts per million------ 2.3 7.8 153 2.5 19.5 it 13.3 


Figures Sce-3, Sc-4, and Sc-5 show, by spot-map symbols, the 
distribution of average monthly coliform results, dissolved oxygen 
content and 5-day oxygen demand, respectively, at the various 
sampling points throughout the basin, as based on the most un- 
favorable month of observations at each point. In general, the lower 
dissolved oxygen results coincided with lower river stages and high 
temperatures, whereas the higher coliform results tended to occur 
during months of high stages and low temperature. Along the main 
Scioto River, the dominant part played by the wastes of Columbus is 
apparent. In the tributary areas, the worst conditions were observed 
in the upper Paint Creek watershed, notably below Washington Court 
House. The section of the basin lying north of Columbus is shown to | 
be relatively clear of heavy pollution, except in local stream zones 
immediately below the larger towns. 

Figure Se-2 shows the coliform bacteria and dissolved oxygen: 
results as observed in the main Scioto River below Columbus during 
a typical high water month (March 1939) and a low-water month 
(June 1939). The low water dissolved oxygen content of the river 
below Columbus is shown to have followed a fairly typical ‘‘sag’’ 
curve, with a first minimum point at about 3 parts per million and a 
secondary minimum of 4 parts per million below Circleville. In 
Paint Creek below Washington Court House, the minimum reached 
zero oxygen for a distance of about 3 miles in October 1939. In 
contrast were the higher oxygen levels in both streams during the 
high-water months of March 1939 and 1940, though a tendency 
toward a delayed oxygen “sag’’ was shown under those conditions. In 
general, the observed numbers of coliform bacteria tended to follow a 
course directly opposite to that of the dissolved oxygen content, being 
highest at points near the minimum point of the oxygen sag curve. 

The laboratory results for the basin as a whole indicate that the 
Scioto River, Paint Creek, and sections of certain other tributaries 
south of the latitude of Columbus would be unfit as sources of water 
supply unless extensive sewage chlorination measures were carried 
out over most of this area. Above Columbus, except in-local zones, 
the situation appears much better in this respect. So far as other 
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stream uses are concerned, the situation indicated by the results is 
roughly parallel to that above described, except that conditions are 
shown to be somewhat less critical in portions of the area south of 
Columbus, as is indicated by comparing figures Sc-3 and Sc-4. 


Hyprometric Data 


Twenty-two stream gaging stations have been maintained on the 
Scioto River Basin for varying periods, 15 stations of which are in 
operation at the present time. Eight stations of importance from the 
pollution standpoint have been selected and the monthly mean summer 
flows for 3 years in which low summer flows have occurred are pre- 
sented in table Sc-6. 


TaBLE Sc—6.—Scioto River Basin: Monthly mean summer flows for years % which 
low summer flows have occurred ‘ 


Pivog seer ewe ot dees tere Ui bow’ of Jay bo aes Scioto Scioto Scioto Scioto 
CRHIGIVE ae ees 7 Se BE RSG ae At Larue | At Colume At Chilli- | At Higby 
: us cothe 
Bier miles esa oo iia apd MEN eT AD a a wa Pape 
rainage area (square miles)______ ae See Sew BR phen t= , 62 ‘ 
“POL LUTORS, OO 2 eg ee ee Ey Ga 1925-40 1921-40 1921-40 1980-40 
i ORS AD TP ies ee Cane ee eo RN MRS ES 1930 1921 1930 1932 
uae reves 0 Af 2 fee cubic feet per second -- 36 283 470 1, 980 
PU ee oe ee ee ee do. 9 86 303 38, 180 
Jit. | RSS 2 Se a aly args Skee aes doi. 6 96 1214 56 
PRIMO RON uma Pe ee a te i Ses 9 Gs2=5 17 67 233 406 
A ee ae ee spe eee, 2t Owe eee 1932 1924 1932 1934 
(ile es hee aes ess cubic feet per second-- 38 3, 780 976 718 
Bee tages Se Ao he Pee Ci ts 23 874 1, 710 868 
Tee ee Rice ees eet er pies do.--- 14.0 98 328 960 
cL ieee eee EOP ne AER Sem RA Bie Guete. 7 66 252 387 
2 UT. eB? SRS harks OPRE fae 0 geod eas Paes ame cna bem Fee SA Se ee 1934 1930 1934 1939 
Mune meee aa Saber ile #5 cubic feet per second -- 41 178 435 5, 450° 
TE ee RS DR, CRT PG Beek PS eres: reas 7 125 549 2, 230 
JST ae send CRE cat PY ae BS Se ee ie VER rs Ch ae 12 82 565 
REED) WO kee hae as SY oR cay @osic 6 68 245 1 337 
River____- ak TE ESSOS CL ROR SRO HOMES GOR WS War nl CE Le Von Little Paint Paint 
Scioto | Olentangy} Creek Creek 
1h is HN) Je OO De aca elas del Ee LOE OO eh Se, Gaye abe Fe Near Near ear Near 
Marion | Delaware | Greenfield | Bourneville 
River miles above: 
Configenes with Selotel.. 20.5. el. cave 6 26 48 19.5 
TPO EE REET aT: LF a IN I 183 158 111.2 82.7 
Drainage area (square miles)___....______.____.____---- 81.2 387 251 808 
rind tocarg se sss ee a eS 1924-40 1922-34 1927-36 1924-40 
he ane Dens SS SRM Come es rl 1930 1930 1930 1930 
nd -- 26 71 


June_. ie treet ie is cubic feet per seco 


1 Minimum month. 
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Figure Sc-6 presents a flow duration curve for the average monthly 
flows from June to September, inclusive, for the period from 1921 to 
1939, for the Scioto River at Columbus below the Columbus sewer 
outfall so that the flows include the sewage flow (average 70 cubic 
feet per second). This curve indicates that average summer monthly 
flows of 190 cubic feet per second or less have occurred every year. 
Flows of 115 cubic feet per second may be expected every 2 years, 
80 cubic feet per second every 5 years, and only the sewage flow of 
71 cubic. feet per second every 10 years. The minimum average 
_ monthly summer flow was 66 cubic feet per second. The low average 

monthly flow of 60 cubic feet per second shown on table Sc—5 occurred 
during the winter. 

Low-flow regulation.—The United States Engineer Department has 
determined three reservoir sites to be most nearly satisfactory for 
flood control and allied purposes—Delaware, Paint Creek, and 
Rocky Fork. The Delaware Reservoir on Olentangy River above 
Columbus could be of value for flood control, water supply for the 
city of Delaware, and for pollution abatement, and would be capable 
of maintaining a minimum flow of 22 cubic feet per second at the dam 
site. Under present plans, the Paint Creek and Rocky Fork Reser- 
voirs are to be used solely for flood control. Seasonal low-flow con- 
trol operations, if conducted at the Paint Creek and Rocky Fork 
Reservoirs in conjunction with flood-control operations, would result 
in minimum discharges of 51 cubic feet per second and 13 cubic feet 
per second, respectively, at the dam sites. 


Discussion 


Pollution problems of more than local sigpificance exist on the main 
Scioto River below Columbus, on Paint Creek from Washington Court- 
house to the confluence with the Scioto River at Chillicothe, and below 
Kenton on the upper Scioto, the only community of appreciable size 
without treatment facilities. Minor pollution problems, of local 
significance only, exist at various points below a number of moderate 
sized and small municipalities. Corrective Measures at these points 
are included in the cost estimates, but discussion has been omitted. 


MAIN SCIOTO RIVER BELOW COLUMBUS 


The 132 miles of Scioto River between 1ts mouth and the Olentangy 
River at Columbus receives wastes with & population equivalent of 
about 111,100. A large part of this is a residual pollution following 
treatment. Columbus, Circleville, and Chillicothe contribute more 
than 95 percent of this pollution load. With the exception of Paint 
Creek, the six tributaries of appreciable size entering this section of 
the main stream are generally less polluted at their mouths than the 
main stream at the confluence. puis 

Columbus—The recently completed activated sludge plant at. 
Columbus treats practically all of the sewage and industrial wastes 
from the city and its suburbs. This plant, designed to maintain a 
minimum of 3 parts per million of dissolved oxygen in the river below 
Columbus, provides also for the treatment of storm water by 
diversion to storage tanks until treatment is possible during a sub- 
sequent period of lower sewage flow. Such a refinement in pollution 
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the only large installation of its kind in the Ohio Basin. 

Despite this refinement, surface wash is of marked consequence. 
During the critical season, local showers may cause pollution from 
surface wash and overflow of storm water from certain combined 
sewers with little corresponding increase in dilution flow from 

above Columbus. The oxygen demand of this flush water may be 
sufficient, according to data of the Ohio Department of Health, to 
reduce the dissolved oxygen in the stream below the critical point. 
During January 15, 1937, to August 15, 1939, the Scioto River 
below Columbus was studied by the Stream Pollution Investigations 
Station of the United States Public Health Service, to determine the 
effects on the stream of the completed sewage-treatment plant at 
Columbus. Because of delays in placing the plant in full operation, 
this investigation was suspended and only limited data are available to 
indicate the effectiveness of treatment in improving river water 
quality during a critical low-flow period. 
Stream discharge below Columbus includes the city sewage flow 
which amounts at present to about 70 cubic feet per sevond. Dis- 
charge records are available for the years 1921 to 1939 during which 
the city built a large water supply reservoir above Columbus which 
also influences the low flow of the Scioto. The flow data presented, 
therefore, are not strictly applicable to present conditions. They do 
indicate, however, that the treated sewage of Columbus is at times the 
only flow in the stream and that in most years there is at least 1 month 
when the dilution available is less than one volume. At Chillicothe 
and Higby the flow of the stream is much greater. 
The selected laboratory results presented indicate conditions before 
the Columbus plant was in full operation and during a period of 
rather high flow. ‘The minimum flow above Columbus during period 
of observations was 2,800 cubic feet per second, whereas in September 
1939 the flow was only 86 cubic feet per second. The results show 
that the stream was rather heavily polluted in spite of the high flows. 
The city of Columbus has certainly taken every reasonable step 
possible toward the correction of its pollution problem. With 
initial operating difficulties overcome, it is probable that the accom- 
plishment for which the works were designed, namely, an absolute 
minimum of 3 parts per million dissolved oxygen in the Scioto River 
below the plant, will be attained a very high percentage of the time. 
Possible exceptions will be at times of local rains. 
Largely because of the effect of local rains, oxygen conditions below 
Columbus suitable to maintain fish life are possible only with an esti- 
mated minimum flow, in addition to the sewage effluent of 75 cubic 
feet per second. An estimated 22 cubic feet per second can be main- 
tained by the proposed Delaware flood-control reservoir on the Olen- 
tangy River above Columbus, but this is not sufficient to accomplish 
the desired result. 
__ As the problem is one resulting from local rain, supplemental low 
_ flow is required for only a short period, possibly a matter of hours, but 
should be available on very short notice. This suggests less storage 
located near Columbus. - The Whittier Street Dam forming the pool 
| opposite Columbus might be used for this purpose. In case the 
storage is used in a matter of hours at the time of a local rain, the 
water could be replaced over a period of several days, if necessary, 


: 
| abatement is rarely applied in the United States, and Columbus has 
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from the available 22 cubic feet per second from the proposed Dela- | 
ware Reservoir. 

The present construction of the Whittier Street Dam includes 
four 4-foot square outlets through the dam. Supplemental flow of 
75 cubic feet per second for a period of 12 hours may be obtained from 
the pool above the Whittier Street Dam by a draw-down of about — 
0.85 feet. There have been no great objections to past temporary — 
lowering of this pool. A light lifting device for removing the stop 
logs will be necessary at an estimated cost of $50. . 

Circleville.—Circleville has recently completed a chemical precipi- — 
tation treatment plant that can, if desired, be divided into two parts, — 
one to treat wastes from a large strawboard plant and the other to — 
treat city sewage and all other industrial wastes. The Circleville — 
plant was not in full operation during the period from January to — 
July 1939 when laboratory examinations of stream samples were — 
being made. Principal pollution is from the strawboard wastes. — 
Treatment of these wastes by chemical precipitation removes prac- — 


tically all of the settleable solids and a portion of the finer suspended 
solids. Elimination of shoals and sludge banks, therefore, may be 


expected. Oxygen demand reduction, however, is of minor conse- — 
quence. Methods of correcting strawboard waste pollution are now | 
being studied at several places. However, at the present time, the — 
Circleville plant represents the only installation where even partial 
treatment is actually practiced. Lagooning has been temporarily 
effective at certain plants in the past. 

Further treatment of sewage and wastes at Circleville appears | 
desirable. However, secondary treatment of sewage would have 
but a very minor effect and no practical method for additional treat- 
ment has been developed for strawboard wastes. Further study of 
the strawboard waste problem appears indicated, 

Despite limited treatment of waste and sewage at Circleville, qual- 
ity of water below the city, because of higher flow, is superior to that — 
below Columbus. 

Chillicothe. —Chillicothe has a primary treatment plant for all of its 
sewage. Certain industrial wastes, abies from paper plants, are — 
discharged to Paint Creek. In the paper mills, recirculation is prac- 
ticed to a limited extent and save-alls have been installed, both desir-— 
able pollution correction measures. The Federal Reformatory just — 
north of Chillicothe has a primary treatment plant, . 

The sewage treatment plant effluents from Chillicothe and the Fed- 
eral Reformatory above the city, plus industrial wastes which enter 
through Paint Creek, have some slight deleterious effect on the Scioto — 
River. However, here again, because of higher flow, the quality of 
Scioto River water below the city is superior to that below Columbus. 
The slight effect on the Scioto as shown by the laboratory results would 
not justify further treatment. or i 

Industrial pollution in Paint Creek between Chillicothe and the con- | 
fluence with the Scioto River creates a serious condition, This pollu- 
tion could be largely and justifiably corrected by discharging all but 
the paper mill wastes to public sewers for treatment in the municipal — 


plant. The paper mill wastes are of such a volume that separate treat- — 


ment is indicated. There are possibilities of further reduction of the 
paper mill wastes by recovery of byproducts and reuse of water. Re-— 
maining wastes are capable of treatment by chemical precipitation. 
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PAINT CREEK 


Wastes with a population equivalent of 18,900 enter Paint Creek 
and its tributaries above Chillicothe. The worst stream conditions, 
as shown by the laboratory results, are in the vicinity of Washington 
Court House and Greenfield, where zero oxygen Patines prevailed, 

Paint Creek and its tributaries are important streams in a thriving 
agricultural district. Despite their condition, these streams are used 
for swimming and other recreational purposes. There appears ample 
_ justification for secondary treatment of sewage and wastes and this 

fact is generally recognized. Present primary treatment plants were 
installed as temporary expedients to be supplemented within a reason- 
_ able time with secondary treatment facilities. 


KENTON 


: le eS " 
phate ite op ol 


This is the only urban community in the Scioto River Basin without 
sewage treatment facilities. Its location above Columbus water 
_ supply reservoirs makes the provision of such facilities of more than 
local importance. Gross nuisance conditions prevail below the sewer 
outfalls during the summer months and laboratory results during Sep- 
tember and October 1939 showed only 1.7 parts per million of dissolved 
_ oxygen in the Scioto below town. Complete recovery was not appar- 
~ ent even 30 miles downstream. Secondary treatment appears justified 
for improvement of local conditions and protection of Columbus’ water 
- supply. ; 

MISCELLANEOUS POLLUTION 
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A number of other sources of wastes on the Scioto River and its 
tributaries cause serious pollution of primarily local significance. 
Remedial measures appear justified at Jackson, West Jefferson, Ash-~ 
ville, and Baltimore. Some industrial wastes correction is needed at 
most of these places, particularly along Little Walnut Creek. 

Cost estimates for remedial measures for pollution abatement sug- 
gested, as justified by the stream uses, are summarized in table Sc-1. 
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MIAMI RIVER BASIN 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Miami Basin comprises 3,950 square miles in southwestern 
Ohio and 1,435 square miles in southeastern Indiana and has a popu- 
lation of about 800,000, of which more than 60 percent is urban. 
The valley of the Miami River is one of the most densely populated 
and highly industrialized areas in the Ohio Basin and the pollution 
load is heavy. Progress has been made toward pollution abatement, 
treatment being practiced at municipalities representing about 75 
percent of the sewered population. Industrial wastes are important, 
and limitations in practical known methods.of industrial waste treat- 
ment are controlling factors in certain cases. Pollution’ control by 
increasing low flow does not appear promising. Present minimum 
flows are relatively high, and significant increases in these flows 
would require large storage. 


CONCLUSIONS : 


(1) The abundance of satisfactory underground water has reduced 
the need for clean streams as sources of water supply, but it seems 
probable that surface sources will be used more extensively in the 
future. The upper Mad River and the Whitewater River are espe- 
cially valuable as recreational streams and the increasing demand for 
recreational facilities warrants the maintenance of high standards of 
water quality in these streams. ne 

(2) Sewage from 550,500 people in 64 communities and industrial 
wastes equivalent to sewage from an additional 401,500 people are 
discharged to sewers. Thirty-one communities have installed sew- 
age-treatment plants which treat the sewage from about 75 percent of 
this population and 40 percent of the mdustrial waste population 
equivalent, reducing the total pollution load of 952,000 to a sewered 
population equivalent of about 482,700, of which nearly 80 percent 
enters the Miami River directly. 

(3) The general picture presented by the laboratory results indicates 
(a) a relatively clean area in the Whitewater River Basin and on certain 
smaller tributaries; (6) considerably more pollution of the upper 
Miami Basin above Dayton, but partial recovery of the streams before 
receiving successive pollution loads; and (c) generally unsatisfactory 
conditions for most uses in the Mad River below Springfield and in the 
Miami River from below Dayton to near the mouth. 

(4) The principal pollution problem is on the main Miami River 
from below Dayton to a point near the mouth. Residual pollution 
following sewage treatment, plus industrial wastes for which only 
limited methods of treatment are available, prevent a high degree of 
restoration of the river. Suggested sewage treatment plus the pos- 
sible industrial waste correction should restore the stream for reason- . 
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able use other than domestic water supply except during times of 
abnormally low flow. } 

(5) Low-flow regulation by proposed reservoirs on the Whitewater 
River would have largely intangible value. The existing Miami 
Conservancy District reservoirs have unregulated outlets and hence 
have no effect on low flows. 

(6) Piqua obtains part of its water supply from the main Miami 
River 13 miles below Sidney. A high degree of sewage treatment 
appears justified at Sidney to protect this supply. 

(7) A few sections of tributary streams receive pollution in excess 
of a reasonable limit. These are primarily local problems and the 
tributaries are of-equal or better quality than the Miami River at 
the point of confluence. 

(8) In view of the uses of the streams involved, refined treatment 
at certain sources of pollution would serve no purpose commensurate 
with the expenditure. In these instances, lesser treatment appears 
justified. In other cases, limitations in practical known methods of 
industrial waste treatment is a governing factor. In such cases 
refined methods of sewage treatment would cause no valuable im- 
provement and lesser treatment appears justified. A summary of 
comparative costs of remedial measures from table Mi—1 follows: 


Annual 

Treatment Capital cost charges 
Rg eS ois adi conc ee ry aes $9, 380, 000 $745, 000 
Sugrestediadditional .. d234c: oovciicepexesc. bopesbspuesdsess ces thueestesesncs 4, 860, 000 660, 000 


Estimated additional costs over existing charges of programs involving 
uniform treatment throughout the basin are: 


‘ Annual 

Treatment Capital cost charges 
Primary ae pucene Lu. eho. LeeLee. Ese ges 3.b ee ena $4, 070, 000 $570, 000 
PMIATIS EUR TIACOSS 22. oo Bok es ae an a oe od ee RCE Secon 5, 450, 000 730, 000 


TaBLeE M1-1.—Miami River Basin: Estimated cost of existing and suggested mini- 
mum corrective measures for sewage and industrial wastes, with comparative costs 
for primary and secondary treatment 


ieee of Annual charges 
died Popula- | Capital 
—-——--| tion con-|  , opie = ——- a4 
nected to| — ™¥est- 
: Ri eee ment Amortiza-| Operation 
pe neers meee tion and |and main-| Total 
y interest | tenance 
Existing sewage treatment__.-.---- 10 21 “422, 400 | $9,380,000 | $555, 000 | $190,000 | $745, 000 
Suggested minimum correction: 
Sewage treatment plants. ___- 9 18 | 127,200 | 2,120,000 | 150,000 95, 000 245, 000 
Required interceptors: 2! 4 s)sL/flss |e i. pt 1, 560, 000 75, 00Q)| st 75, 000 
Independent industrial waste 
OTT OCLION re 2 es. oe a AE ed pe eb OS 1,180,000 | 155,000 | 185, 000 340, 000 
Bees Seren ie tnd ee Seen eet ee hace 4, 860,000 | 380,000 | 280,000 660, 000 
Comparative cost: 
Primary trestment.all waste_2/:~...---|..----<.}__ <n 4,070,000 | 320,000 | 250, 000 570, 000 
Secondary treatment all 
ERNG pert ot cs ey be yt Ah pepe bs belecchs acct 5, 450,000 | 415,000 | 315, 000 730, 000 


UES ts Uh eee Se ie tal eathab iat a i Tyler Neds € haan 4, 860,000 | 380,000 | 280,000 660, 000 
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DESCRIPTION 


The Miami River Basin has a total area of 5,385 square miles, of 
which 3,950 square miles are in southwestern Ohio and the balance in. 
southeastern Indiana. The river rises in Logan County, Ohio, and 
flows in a generally southwesterly direction to join the Ohio River at. 
the Ohio-Indiana State Line. 


Miles above 
mouth of 
Miami River 


a ane eet a Niece eats | emia enn cas eel 


Drainage area, 
_ Square mile 


Major tributaries: 


Wibite water RLVOrl ss oot oped caw ssebe ne so eesbe wets wade ete eee: 5 1, 590 
POMEIPITCIO MCG R seca? ae ne eee ee ened 38 320 
Be al OOS ree a lg Ck Be cay Safa he as RIG ds PI Oe Werte 60 320 
ses aS ps Seaeneep bo pas Se SPS to SE a ARRON COE foi opera ip eter 85 660 
SUI Walelet Ven a. | ooa ee 5a oaebeme nether beara 86 670, 
WHOPRRC GROG Kido 00 ce ob ee ee arch scree aoe om ibe ES 126 260 
Populations 
1910 1920 1930 1940 
Larger cities: 

HOSS WISNER? sett Oh et ce eee Se ok Seneca 116, 577 | 152,559 | 200,983 210, 718: 
ADIiNngheld MONO. co ccnsodence severe seosses snes 46, 921 60, 840 68, 743 70, 662- 

IMM Oty IO. 2 ets sas oc arose deed cstesees 35, 279 39, 675 52,176 50, 592- 


PPIMIO Ns Piatt eek fo ace reece snes anno ane eeee eens 22, 324 26, 765 32, 493 35, 147° 


Total basin: 
SPELT Se EE EE A EEO SEES Tak 283, 598 | 290, 054 299, 370 328, 377- 
URN oan tee dees Cia ec Ae os ae sae aaa 300, 439 | 878,913 | 480, 484 502, 104 


ESSN eh ae Me Pe AE OER Leas 584,037 | 668,967 | 779,854 | 830, 481 


Although agriculture in the Miami Basin is important, industrial — 
activities predominate. The most important of these are the metal 
and paper industries. Other industries of lesser importance include 
canning, milk, and textiles. 

Water uses.—Five communities with a total population of about. 
100,000, secure their water supply from surface streams. Only one, 
Piqua, uses the main Miami River. The Whitewater and Mad 
Rivers are used extensively for recreational purposes. Flood control 
works of the Miami Conservancy District include five retarding dams. 
which are not operable to augment low flows. 


PRESENTATION OF Fietp Data 


Figure Mi-1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure Mi-2 shows similar. 
data, and, in addition, the location of water supply intakes from 
streams below sources of pollution and laboratory data on coliform 
organisms, dissolved oxygen, and biological oxygen demand. 

Public water supplies —Ground water of generally good chemical 
quality appears to be plentiful in most sections of the basin. Sixty- 
four public water supply systems serve about 600,000 people. Fifty- 
nine of these supplies, which serve about 500,000 people, are from 
underground sources. The other 5 supplies, taken wholly or in 
part from surface sources, are listed in table Mi-2. All of these are. 
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in Ohio. The Springfield supply, although taken from an infiltration 
gallery, is considered by the State health department to be a surface 
supply. The city has experienced considerable difficulty in develop- 
ing an adequate and safe supply from underground sources and may 
be forced to use one of the nearby streams or to construct an im- 
pounding reservoir. 


TasBLe Mi-2.— Miami River Basin: Surface water supplies 


Gon: 
» | sumption 
Source Mile | Treat. | Population |" illion ’ 
Feet ment served gallons 
Municipality per day 
Supplies below community sewer outfalls 
Greenville.____- Ga) dices Greenville Creek, well___..-.----- 139 LD 7, 500 0. 50 
«ia Gt 3 eee Eee Maa ae A Miami River, impounded-_------- 122 LD 17, 000 1.75 
Other surface supplies 
atone ot shes IG Fourmile Creek... ..2..2....- ee 67 FD 3, 500 0. 25 
Centerville. ___- SU? apy ellie: Jang ELS er Site Sal 2 82 L 300 01 
Springfield. .-_- Buck Creek (infiltration gallery) -- 111 D 73, 000 10. 00 
Total: 
ERGODIC NER GIO Sse ne oT ioe an ow aewedeeeunaeees 24, 500 2.25 
PUN Ora os. cetaas, Cee Od lita asienp nse nensecespoees 76, 800 10. 26 
TROPA SIIACH. WALA SUD UCS a mcauwiiiscsducdwaasdedsicacka-acb=atecsaceucee 101, 300 12, 51 


1 Miles above mouth of Miami River. 
2 L=Lime-soda softened; D=chlorinated; F=coagulated, settled, filtered. 


Sewerage.—Public sewerage systems serve 64 municipalities with a 
combined population of about 550,000, of which 390,000 or about 
70 percent, reside in the area from Hamilton to Dayton (mile 33 to 85). 
Twenty-seven pollutional sources of consequence are shown in table 
Mi-3. Secondary treatment of waste is provided at 21 communities 
serving 333,000 or about 60 percent of the total sewered population. 
Primary treatment is provided at 10 municipalities serving 89,000 
population. 


Taste Mr-3.—Miami River Basin: Sources of significant pollution including 
industrial waste expressed as sewered population equivalent (biochemical oxygen 
demand) 


Sewered popula- 


Miles |Popula-) - tion equivalent 

bee te tion (biochemical 
Municipality Bijoan — Satin Treatment |X¥8e" demand) 

Miami to 

River | sewers Un- Dis- 


treated |charged 


Ry Gti Aes ker rae ot Miami River... oe Biri ly Cees 12,700 | 12, 700 
Peat uban 4 a5 S5soo Secsse les GOt . eee ecct eo h ee 35 54,600 | None_---- 86, 86, 500 
MV CebOW Neo. oo oe. oe ue (i Pi Seay pega ee hare 53.6 | 35,000 |__.do__--.- 69, 69, 900 

ion dts eielaey @ foe ies aperee os PE Ter 6 ia ss FEL EEE 61.3 | 4,000 | Secondary | 56, 800 | ! 53, 400 
SATB UNG fen ah :: Caen EG Se ee 68.6 | 5,300 | None.--.- 6, 600 6, 600 
West Carrollton. .-._._.-.._]--_.- Wot tay ee or ee 72 E800 =|. 2G ee. 29, 300 | 29, 300 
NMarsine Oly 2k sess Se OOS. 5 secccheh cee 76.4 | 3,000 | Secondary | 3,000 500 
JD ale ake oe ee iad Rag Ss alcoho (sf Wee SE ote A ly Cae 82.4 |250,000 |._.do_-_.-_. 75, 500 | 40, 500 
Wipp’ City 27 hits 25 Re GQwossCue tees ae tae te 104.5 | 2,500 |__.do_--.-.- 27, 100 | 1 22, 900 


1 Sewage-treatment plant, under construction at time of laboratory survey (1939), now completed. 
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Taste M1-3.—Miami River Basin: Sources of significant pollution including 
industrial waste expressed as sewered population equivalent (biochemical oxygen 
demand)—Continued 


. , Sewered popula- 
Miles | Popula- tion equivalent 


ee tion ieee ona 
Adee, mou con- oxygen deman 
Municipality Stream of nected Treatment 

Miami to 

River | sewers Un- Dis- 


treated |charged 


113.1 | 9,800 | Chemical | 19,800 | 19,900 


precipi- 
tation. 

122:.1 | 16,800 }2.-do.---- 2. 87, 500 | 1 18, 800 
134.8 | 9,500 | None .___. , 900 11, 900 
a 114 1,000 | Secondary | 3, 100 500 
Grail jee Buckingahelas DODT. Wee Po ek ee 5, 800 5, 800 
Bellefontaine - Possum Run..< _.. 42 <-=1 , 166 9,000 | Secondary | 9,000 1, 400 
Connersville. . West Fork WhitewaterRiver_| 59 9,800 | None.--._- 9, 800 
East Fork Whitewater River_| 65 28,000 | Secondary | 28, 000 1, 200 
81 300 oneé_-__.-- 3, 3, 300 
55 6, 500 | Secondary "4 1, 000 
67 Dy GUO te Oe cece A 500 
lll 59,000 | Primary -_} 59, 000 38, 000 
126 6, 000 | Secondary | 23,700 | 19, 000 
Ooxington.Jee~ec eoctshwe Stillwater River_---....._._- 119 1, 400 ONC=2252 ti 2 3, 000 
AYU CS as Et ee ae ae a Ballinger Ryn-: 4 2oe3 22. 20: 125 BOO. : dot 3, 400 3, 400 
Greenville. 220s 5 Bw Greenville Creek.-..-..-.__. 139 7,100 | Secondary } 11, 000 2, 200 
ARBOR Ie S555 ote kee Stillwater River--.--.--..._. 147 300 | None....-- 2, 800 2, 800 
On aity = ee Dismal Creek-.-.-----.-.-.. 154 1,100 | Secondary | 4,700 700 
Siiall sonitces (in 44 towns)2 2 ho a he ee ee a te 26,000 | Various__.| 39,100 | 27, 200 
pA gh Si See Meee eee eae: 22 St Rae Sp ee cme ne eer PS Caters BOO, B00, | 2 'te 1952, 000 | 482, 700 


1 Sewage-treatment plant, under construction at time of laboratory survey (1939), now completed. 
2 Sewage-treatment plant, under construction (1941). 


Industrial waste.—Highty-six industrial plants, wholly or partly 
unconnected to municipal treatment, are summarized in table Mi-4. 
Numerous waste producing industrial plants discharge to municipal 
treatment facilities, particularly at Dayton, Ohio, where an industrial 
load of about 120,000 reaches the treatment plant. The industrial 
waste load in the basin, as biological oxygen demand, totals about 
401,000 population equivalent. 


TaBLE Mt-4.—Miami River Basin: Summary of industrial wastes not discharging 
to municipal treatment plants, with total of entire industrial waste load in the 
basin 


Industrial waste At least Estimated 


disposal sewered 
ASE ets Fee el Seer ea lieebes beeen population 
Industry Le ‘ial tien equivalent 
plants tall Private | measures | ,(biochem- 


ical oxygen 
daerers outlets taken deman 


Ohi 
COU Ta rch hy 2 Seep Mae pe eRe See aN, Seema se 10 2 8 4 22, 700 
ii es ae he Ss SH Soe Pe eee 6 2 4 2 38, 200 
ro" ony ker tear eS SOMO is Pe AN ea 2 8 4 STAY OS SER BU AS Gea iss 
ce PRE L BOS Fw ee SE 14 7 7 3 1, 500 
OGG ethan bene eee oe ASS TM PN De 21 5 16 17 167, 000 
TVISOOUMODUIR Fh S00 eR ee ee 10 6 4 4 36, 800 
POU 5h oe hte oe oe ea eee 69 26 43 33 231, 200 
Indiana: 
TTT: 11 6h ae ai eats Ser eee Ee Cael aa se premiera 3 Po 4 0 4 2 4, 100 
A EAU ae pp cag EI So YY AS PETE ee ll 8 3 BAS 2. aeeee 
PAABUCMANOUTE: ax. ck oso sanaw ee eb uae 2 1 Injuewt ccseeelies poe eciseeee 
Pa oo ge eS at ee ek Rene ae 17 9 8 7 4, 100 
Waste unconnected municipal treatment_-_- 86 35 §1 40 235, 300 
WHeLe connected toanunicipal treatment. 6. 232s a Uo Poe ol ecec cou eee aecaund 166, 200 


*POtal ANUUSUMAN Waste (1 WAS. 5 oo cele neeelenedesbenascelocsonupecccduncabueckkoause 401, 500 
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PRESENTATION OF LABORATORY DaTA 


Laboratory data for the Miami River Basin are presented in 
table Mi-7 (p. 618). -All samples on the Whitewater River and along 
the Miami River from Miamisburg to the mouth were analyzed at the 
Cincinnati laboratory from one to three times monthly during the 
period February 1939 to April 1940. Six stations immediately above 
Dayton and six stations below Dayton’s sewage treatment plant were 
sampled from three to five times monthly and analyzed by personnel 
of the Dayton plant during the period June to December, 1939. All 
remaining points were sampled from one to three times by a mobile 
laboratory unit in September 1939. 

Selected monthly average results at some of the principal points 
in the basin are tabulated with flows on sampling days and during the 
minimum month of record in table Mi-5. In general, the results 
selected represent the lowest flow conditions during the sampling 
period. 

Taste Mi-5.—Miami River Basin: Selected laboratory data 


DING ae dare te wast canaatt si Miami | Miami | Miami | Miami | Miami | Miami | Miami 


at Day- | at Day- | at Day- 
ton ton ton 
Wocatlon #53 - bag sacasene-ig Above | Below | Above | One-half} 5 miles | Above | Below 
Sidney | Sidney | Outfall mile below | Miamis- | Miamis- 
below burg burg 
lat a oo above mouth of 136 134 83 82 Tie 71.6 66.5 
ami. 
POTION LOGO Dec a ewacde tates an Septem- | Septem- | Septem- sis > Septem- | October | October 
er ber er er er 
Number of samples. ---..--___- 3 2 4 4 4 2 2 
Flow in cubic feet per second: 
Sampling days........---.- 72 66 LOLI SME DIU EL TEES 7 540 540 
Minimum month_____.___- 22 22 72.4 BA EE eee Tah Ee EE | PR PS PE FS 
Water temperature, °C___—___. V7 17.8 24.4 24,2 23. 3 17.8 17.8 
Coliforms per milliliter________- 26 G60: ben sys cclec dt seh ses 680 635. 
Dissolved oxygen, parts per 
iti) too ees a Ries He Ee 8.3 7.5 6.5 7.2 4.8 6.9 5.0 
Biological oxygen demand, 5- 
day, parts per million--_____- 3.3 7.6 5.4 10.0 5.8 3.2 4.3 
LPN Gg Se ieee epg Miami | Miami | Miami | Miami | Miami | Miami | Miami 
Fern Cs Rey a a ape Ree ye ee Above | Below | Above | Below | Above | Below Cleves 
Franklin | Franklin | Middle- | Middle- | Hamil- | Hamil- | Bridge 
town town ton ton 
River miles above mouth of 
JNU 01h Lae OD ap He a ae 62.8 59.6 57 50.8 35.9 30.4 4.2 
hi PS Ce. Sar October | October | October | October | Septem- | Septem- | Septem- 
ber er er 
‘Number of samples_---....._--- 2 2 2 2 3 3 6- 
Flow in cubic feet per second: 
Sampling days-_.._.......-- 555 555 560 560 747 747 696. 
TIME SHOUUN See ate n | acnene ost see os te I eewes cee oeeemesten 286 yl eee 
Water temperature, °C__---._.- 17.3 17.3 15.5 18.0 24.2 23. 5 21.8. 
Coliforms per milliliter_.....__- 190 24, 800 126 660 140 5, 200 41 
Dissolved oxygen, parts per 
veg LiL [1 Bethe BS Sa a pe YB 4.3 8.2 4.2 6.4 4.0 8.3 


Biological oxygen demand, 5- 
day, parts per million--_..... 4.0 7.8 3.1 8.6 4.6 1.8. lige 40 
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Taste Mi-5.—Miami River Basin: Selected laboratory data—Continued 


ivercees 6s. ees tag ts Still- Still- Still- 
water | water | water | Above | Below | Above | Below 
LL 5 2 Rea era Se tne gh Above | Below | Mouth Urb Urb Spri Spri 
Coving- | Coving- rbana rbana pring- pring- 
ton tou field field 
River miles above: 
Confluence with Miami.-_. 24 32 0 42 40 27 26 
Mouth of Miami.__._..._.- 120 118 86 127 125 112 lil 
Srerigd; AVG). 82 eee Septem- | Septem- | Septem- | Septem- | Septem- | Septem- | Septem- 
er er ber er er ber er 
Number of samples. -.......--- 2 2 4 2 2 3 2 
Flow in cubic feet per second: 
Sampling days-__.-----..-- 12 1s (ee eee 65 65 185 199 
WEOn MONE so Sal Bee 40 40 114 114 
Water temperature, °C___--___. 19.0 20.0 a7 16.8 17.5 14.8 1733 
Coliforms per milliliter________- 13 1, 900 178 15 219 152 235 
Dissolved oxygen, parts per 
aeptitigel: 622 P res Pet 6.0 4.0 7.3 8.7 8.3 8.2 5.7 
Biological oxygen demand, 5- 
day, parts per million_-_____- 2.2 2.4 2.3 1.4 2.3 2.1 4.2 
IVER eae es ed West West East Fast White- | White- | White- 
fork fork fork fork water water | water 
White- | White- | White- | White- | at Brook-| at Brook-| at Brook- 
water water water water ville ville ville 
Doce thon ge a ost eka Above | Below | Above | Below West East Below 
Conners-| Conners-| Rich- Rich- fork fork 
eo ville ville | mond | mond | above | above 
River miles above: 
Confluence with Miami_--_. 57 56 61 60 28 28 26 
Mouth of Miami_.___.._..- 62 61 66 65 33 33 31 
i Cr 3! ale le i dy hae ge Septem- | Septem- | October | October | Septem- | Septem- | Septem- 
ber er ber er er 
Number of samples. .-.-._----- 1 1 1 1 1 1 1 
Flow in cubic feet per second: 
Sampling days._......--..- 69 69 37 SPS aes 8 tS 
Minimum month-_-__-_____- 47.1 Cf eal | OE dy eT ee Peas) eee 95.5 
Water temperature, °C________ 16.5 19.0 23.0 22.0 17.5 18.5 18.0 
Coliforms per milliliter__...__._ 4 460 240 240 
Dissolved oxygen, parts per 
imiifags: 0s - eee Fi) 8.2 7.2 5.0 5.7 8.2 8.0 8.2 
Biological oxygen demand, 5- 
day, parts per million-.__._._ 1,2 2.0 1.6 p Ae | .9 11 9 


Stream-flow conditions varied from high discharges in the spring 
and early summer of 1939 and the early spring of 1940 to moderately 
low discharges in the late summer and winter of 1939-40. Bad ice 
conditions were present in January 1940. 

Spot symbol maps showing the average coliform, dissolved oxygen 
and oxygen demand results are shown in figures Mi-3, Mi-4, and 

i-5, respectively. The results represent the most unfavorable 
monthly averages observed at each station sampled over a period of 
several months and the average of all samples at each station sampled 
for less than 1 month. ; 

In the basin as a whole, 55 percent of all stations had an average 
coliform count of more than 200 per milliliter for at least 1 month 
during the period of observation; 26 percent of all stations had most 
unfavorable average counts of from 50 to 200 per milliliter; and 19 
percent of all stations had coliform averages of less than 50 per milli- 
liter for the most unfavorable monthly average condition during the 
period of observation. The highest counts were observed below 
Bellefontaine. High coliform counts also were observed below Piqua, 
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Greenville, and Springfield and along the main stream from Dayton 
to below Hamilton. Moderately high counts were found below Rich- 
mond, Connersville, aud Brookville on the Whitewater River. Coli- 
form counts are omitted from the results of those samples examined at. 
the Dayton sewage-treatment plant as these results were expressed in 
the Phelps’ index instead of most probable number as were all other 
results. Coliform counts at stations immediately above sources of 
pollution were lowest during the period September 1939 to January 
1940, coinciding with the fall and winter low-flow period. The coli- 
form counts at stations immediately below sources of pollution were 
more erratic in this respect. 

The dissolved oxygen results, considering the basin as a whole, 
were fairly good. Minimum monthly averages were generally in 
excess of 6.5 parts per million. Except at Bellefontaine, where zero 
dissolved oxygen was found, the lowest averages observed were over 
3.0 parts per million. The lowest values were found during the months 
of June to October, when temperatures and oxygen-demand values were 
highest. The most consistently low values were found in the stretch 
from Dayton to below Hamilton on the main river. 

The highest monthly average biochemical oxygen demand results at: 
36 percent of the stations were in excess of 5.0 parts per million. At 
38 percent of the stations the most unfavorable monthly average was 
between 3.1 and 5.0 parts per million and at 26 percent of the stations 
it was 3.0 orless. Thestation immediately below Bellefontaine had the 
highest biochemical oxygen demand observed in the basin, 36.6 parts 
per million. The station below Piqua was next, with 15.6 parts per 
million. Oxygen demands of from 4 to 6 parts per million were general 
throughout the period of observation in the Miami River from Dayton 
to the mouth. On the Whitewater River results were generally less 
than 3.0 parts per million and often less than 1.0 part per million. 
The highest values observed at Richmond, Connersville, and Brook- 
ville followed the ice conditions of January 1940. 

Biological summary.—The flora and fauna of the Miami River 
were found to be abundant in species and number, especially in the 
stretch below Dayton. This is due to the population concentration 
in the cities along the stream. The average volume of plankton at 
the various’ stations along the main stream ranged from 3,000 to 
8,000 parts per million, a high concentration of plankton. The 
plankton volume of the tributaries—the Whitewater, Stillwater, and 
Mad Rivers—was found to be less than 3,000 parts per million. 


Hyprometric Data 


Twenty-six stream-gaging stations have been maintained on the 
Miami River Basin for varying periods, 14 of which are in operation 
at the present time. Two active stations are in Indiana and all other 
stations, active and inactive, are in Ohio. Eight stations of im- 
portance from the pollution standpoint have been selected and the 
monthly mean summer flows for 3 years in which the low summer 
flows have occurred are presented in table Mi-6. 
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Figure Mi-6 presents summer low-flow frequency curves from June 
to September, inclusive, for the Miami River at Dayton and Hamilton, 
Ohio. These curves indicate that the frequency with which various 


minimum monthly mean flows may be expected is as follows: 


Minumun monthly mean summer flows in cubic feet per 


second that may be expected once in— 


Location ee ae 
1 year 2 years 5 years 10 years | Minimum 
1D Ty gnond ba SUT: yageesay 2 plan aie eepomaeaien Se ear aes 1,770 450 320 280 240 
pn COME OHIO +2255 ats cle 2, 800 740 400 410 340 


Taste M1-6.—Miami River Basin: Monthly mean summer flows for years in 


which low summer flows have occurred 


2539 ieee AONE TP eee Pieri eet Ree hey, * Sap ceiee iy SN Miami Miami Miami 
Weenie nae 8. il) ot. oki eee va ee Hamilton | Dayton Eagioee 
vile 
River miles above mouth of Miami_._.-......--------- 35 82 94 
Drainare’area, (square miles... 23s =n ane- ad 3,639 2,510 1,160 
LS ug (elles We Gt, gu (Ske ena RR ie Been I SPER Smee. 1910-40 1915-40 1922-40 


Miami 
Sidney 


135 


545 
1914-40 


—-— ee ee ee | 


wD BEAN ie BES ee ee ety 2 oe OP ak ec 1930 1932 1932 1932 
UNIO So LO Ses ceebobeeeecs cubic feet per second -- 845 1, 220 430 227 
NL gu ta Cea wt AEGAN oe ete eee eee dou 492 1, 120 371 118 
AG ES ESRI Sears Oia is SS dg.225 458 323 84 38 
MOPUBMUDOL oso sccint Js oe eet eee cuesaes santo "1 Seer | 589 311 80 38 

nib 1) PARIS” AES RET aN SNL Tima as Se een 1934 1934 1934 1934 
SOM ro LE ol dawned cubic, feet per second _- 445 336 146 58 
1 Sh Se aes BEd ee eo Sey aiid @ dor27 482 263 101 125 
fi ey Pee OO, SC oe See eee eee Pee ae Oe do, 582 399 175 38 
PRULOMIDON. = ns. Ubet tee ck ew ode. oad GD as-! 357 1240 73 28 

Py Ebel ORR «he SIDS SAS CEE See Cee OS OE res § 1936 1936 1936 1936 
ITO ohaitlpel, Sei da see a cubic feet per second -- 6 430 125 61 
ee So ee oa. ean Sk a ae Onze 1 335 254 171 40 
1b [np eRe FPR ST ORS: PL sl elt ae AR a oe 63 Fae 391 255 73 34 
Septem beri. escecei cecossctosteediesewcsie Onna 516 326 97 38 

PVM Ree ones tac etach i auatadre conch awn aeontelt White- Twin | Mad River} Stillwater 

water ree 

EAT geen Ze eS a ee ee Brook- German- Spring- Pleasant 

ville town field Hill 

River miles ahove: ’ 
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Deter Witnmn- == te NS Se So Ee soe 32 67 111 115 
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ehh ee Wale Sea ee 7 Re RRR ea oe ee, «2 a0: 136 9 115 102 
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Proposed stream control—A study to determine the feasibility of 
adapting the five existing Miami Conservancy District flood-control 
reservoirs in the comprehensive flood-control plan for the Ohio River 
is being made in connection with a survey report being prepared by 
the United States Engineer Department. A study also is being made 
to determine the feasibility of constructing two or more reservoirs on 
the Whitewater River watershed in this same survey report. Con- 
sideration is being given in these studies to the operation of the reser- 
voirs for pollution abatement. The Whitewater River reservoirs 
would have little value for pollution abatement since the unregulated 
flow below them is large enough to eliminate the need for more than 
primary treatment. The need for flow regulation on the lower Miami 
is discussed in the following section of this report. 


Discussion 


The principal pollution problem in the Miami River Basin is on 
the Miami River from Dayton to a point near the mouth. A lesser 
pollution problem exists on the upper Miami River below Sidney 
where pollution affects the water supply of Piqua. Minor pollution 
problems, of primarily local significance, exist at various points below 
14 moderate-sized and small municipalities. Corrective measures at 
pre pets are included in the cost estimates, but discussion is not 
included. 


MAIN MIAMI RIVER BELOW DAYTON 


Between Dayton and Hamilton, the most seriously polluted sec- 
tion, the Miami River receives wastes from a sewered population 
equivalent of about 300,000. Two large tributaries, Twin Creek and 
Fourmile Creek, enter the river in this section with beneficial effects 
on the quality of the water of the main stream. Pollution is due_ 
almost entirely to the discharge of sewage and industrial wastes at 
Dayton, West Carrollton, Miamisburg, Franklin, Middletown, and 
Hamilton. Dayton, and more recently Franklin, have constructed 
plants for the secondary treatment.of sewage. The other cities have 
no sewage-treatment plants at the present time. At Franklin a con- 
Siderable amount of industrial wastes enters the Miami directly with- 
out treatment. 

During the low-water month of September 1939 the Miami River 
above Dayton had a high biochemical oxygen demand (5.4 parts per 
million), but the dissolved oxygen was satisfactory for all uses. Pollu- 
tion appeared to be assimilated without serious nuisance in the stream 
with the small dilution available, due probably to oxygen demand re- 
duction by sedimentation behind dams, reaeration over the six dams 
and because of the distance between points of waste discharge (8 to 
12 miles) permitting partial recovery between sources of pollution. 
Despite the absence of gross nuisances from pollution, the dissolved 
oxygen fell to 5.0 parts per million or less below ‘every city of conse- 
quence in this stretch of the river. The minimum was 4.0 parts per 
million below Hamilton. — ; 

A number of factors make it extremely difficult, for the present at 
least, to secure a high degree of restoration of the Miami River from 
below Dayton to the mouth. These factors include the residual 
pollution load represented by the treatment plant effluent at Dayton, 
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which cannot be appreciably reduced except at excessive cost: the 
presence of sewage from other communities from which there will 
always be some residual pollution even following treatment; and the 
discharge of industrial wastes for which only limited methods of 
treatment are now available. 

The paper pulp and paper industry is an important contributor of 
organic pollution in this area. Considerable progress has already 
been made toward controlling this pollution. In certain cases 
further corrective steps can be taken such as the use of closed water 
systems, the installation of save-alls and waste treatment. Considera- 
tion of the paper and other types of industry in this area, and the 
experience in treating similar wastes elsewhere, leads to the con- 
clusion that treatment may reduce the industrial pollution load pos- 
sibly 30 percent by proven methods, or from 157,100 to 111,000, 
based on oxygen demand sewered population equivalent. Reduction 
in suspended solids might be greater. As part of the present indus- 
trial pollution load represents a residual after treatment, such loads 
cannot readily be further reduced at a reasonable cost. 

Lower flows than those which occurred in September 1939 occur 
frequently at Dayton. Normal population and industrial growth in 
the future will increase the pollution load in this area. 

The addition of secondary treatment at Dayton in 1939 went far 
in correcting pollution in the Miami River below this community. 
Even with complete treatment, the river below Dayton will have to 
be relied upon to supplement artificial purification by natural proc- 
esses, so that a section of varying length below this community is 
still, and probably will continue to be, a critical section as regards 
oxygen balance. Above Miamisburg, about 11 miles below the 
Dayton sewer outfall, natural recovery raises the dissolved oxygen 
temporarily to a satisfactory level (6.9 parts per million). In the 
low-flow month of September 1939 pollution below this point reduced 
the dissolved oxygen successively to 5.0, 4.3, 4.2, and 4.0 parts per 
million with satisfactory dissolved oxygen recovery below each suc- 
cessive entrance of pollution. This pollution is capable of con- 
siderable reduction by known economical methods. 

In view of the above facts, it appears impractical to attempt further 
improvement of the stream immediately below Dayton. However, 
improvement of the river below Miamisburg and lower points appears 
possible and justified. 

Primary treatment of sewage at Hamilton, Middletown, Miamis- 
burg, and West Carrollton, in addition to certain treatment and other 
corrective measures for industrial wastes should greatly improve the 
lower river. Except during abnormally dry years, this improvement 
should be sufficient for all present and reasonable future uses of the 
stream including the support of all but the highest type of fish. 

ile secondary treatment of sewage would further reduce the 
pollution, it is doubtful, due to the present limitations in possible 
economical methods for treatment of industrial wastes, if any useful 
purpose or valuable improvement commensurate with the cost of 
such treatment would result. 

Primary-treatment works, built with a view to addition of secondary 
treatment facilities at a later date, are amply warranted. Research 
should be applied to the development of more efficient methods of 


OHIO RIVER POLLUTION CONTROL 617 


industrial-waste treatment. Should such methods be developed, 
secondary treatment of sewage might well be justified. 

The possibility of low-flow regulation as a means of improving 
conditions in this area has been considered. Reservoir sites of the 
size necessary to afford much regulation of value to the lower Miami 
are practically limited to the ones already constructed by the Miami 
Conservancy District. These flood-control reservoirs have no perma- 
nent pools and unregulated outlets. The United States Engineer 
Department is now studying the feasibility of providing outlet control 
works at these dams. 

If, by using these reservoirs for low-flow regulation, flows ranging 
from about 400 cubic feet per second at Dayton to about 700 cubic 
feet per second at Hamilton could be provided during the summer 
months, stream conditions could be greatly improved. The program 
of sewage and indusitrial-waste treatment outlined above would still 
be necessary, but the need for more complete treatment would be 
deferred or possibly eliminated. Relatively large storage capacities 
would be required to provide the necessary supplemental low flow. 


SIDNEY 


One of the few surface-water supplies on the Miami River Basin is 
at Piqua. Water is taken from the main Miami River about 13 miles 
below Sidney. A high standard of water quality: should be main- 
tained to safeguard this water supply. Under the circumstances, 
secondary treatment of all wastes at Sidney as justified to take the 
place of the present discharge of untreated sewage. 


MISCELLANEOUS POLLUTION 


A number of minor sources of wastes on the Miami River and its 
tributaries cause serious pollution of primarily local significance. 
Remedial measures appear justified at Connersville and New Madison 
in the Whitewater River Basin, Springfield and Urbana in the Mad 
River Basin, and Bradford and Ansonia in the Stillwater River Basin. 
Some industrial-waste correction is needed at most of these places. 

Cost estimates for remedial measures for pollution abatement sug- 
res as justified by the stream uses are summarized on table 

i-1. . 
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LITTLE MIAMI RIVER BASIN ! 
SYLLABUS AND CoNncLUSIONS 
SYLLABUS 


The Little Miami Drainage Basin, occupying 1,755 square miles 
wholly within the State of Ohio, is principally an agricultural region 
with only minor industrial development. Exclusive of the Cincinnati 
metropolitan area, the population of the basin totals about 135,000, of 
which 35 percent reside in 41 incorporated communities. Primary 
water uses of major streams are recreational and agricultural. Recre- 
ational development is notable in the lower reaches. In terms of 
expenditures, existing waste treatment facilities represent about 50 
percent of total suggested treatment. Remaining water pollution 
problems are not critical, are of local significance, and can be solved by 
practical methods of waste treatment. 


CONCLUSIONS 


(1) Of 21 public water supplies in the basin only 4 use surface 
sources, 2 of which are on tributaries affected by sewage pollution. 
An increasing need for surface waters for water supply purposes is 
noted in the basin as well as demands for improved recreational areas, 
the latter especially in the lower reaches near Cincinnati. 

(2) Outside the Cincinnati area, sewage from 31,700 people and 
industrial wastes with a population equivalent of 9,700 enter the 
streams. More than 75 percent of the sewage is treated. 

(3) Laboratory observations show several bad areas below sources 
of pollution but indicate rather rapid stream recovery after short 
periods of flow. Coliform results averaging over 200 per milliliter 
during the worst month were found over most of the basin. ~ 

(4) Minimum monthly summer flows in the lower reach have 
varied from 70 to 85 cubic feet per second for several years within the 
period of record. Flows on East Fork often reach zero for extended 
periods. ; 

(5) The Little Miami River below mile 5 receives pollution aggre- 
gating about 129,000 equivalent population from a portion of metro- 
politan Cincinnati. Interceptor sewers are under construction to 
divert this waste to a point of treatment with subsequent discharge 
direct to the Ohio River. 

(6) Sections of several tributaries are polluted due to improper 
waste treatment. Practical treatment of sewage and industrial 
waste will control pollution and adequately protect surface streams 
for all normal uses except in certain sections of tributaries where near- 
zero summer flows occur in the vicinity of outfalls. 

(7) Low-flow regulation by the proposed East Fork flood-control 
reservoir would eliminate the need for more than primary sewage: 
treatment at Batavia, would ensure the adequacy of the community’s: 

1 For maps of this basin, see Miami River Basin. 
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public water supply, and would enhance the recreational value of the 
East Fork. 

(8) In view of the normal uses of the streams involved, refined 
treatment at a few sources of pollution would serve no purpose com- 
mensurate with the expenditure. In these instances, lesser treatment 
appears justified and has been suggested. Summary of comparative 
cost of remedial measures from table Lm-—1 follows: 


Treatment Capital cost | Annual 


charges 
weliee? AE isin tas ie Fan Sh ate Po Binds $520, 000 $55, 000 
PaO BRT AG BOOM A en fe ob te eae oy enter eens omen dane 580, 000 60, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are— 


Annual 

Treatment Capital cost charges 
Bebra IM nOe ore Ne eS ee eh eee eee ceteet a caran ass $420, 000 $45, 000 
Pa ON NTINIORS ooh oe led dao aa tesa hace ea eee ime Coenen 620, 000 65, 000 


TasLy Lm—1.—Litile Miami River Basin: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


Number of 


plants A 
Jone’ Capital 


invest- 
Pri- {Second- eee ment |Amortiza-|Operation 


tion and jand main-| Total 


Annual charges 


mary | ary interest | tenance 
Existing sewage treatment_.-..._..- 3 8 24, 600 | $530,000 | $35,000 | $20,000 $55, 000 
Suggested minimum correction: 
Seware treatment plants___---- 3 8 7,100 | 410,000 29, 000 16, 000 45, 000 
Required interceptors..........].....-._]--.-.--- 6,700 | 120, 000 §,000 |.s-2. 28 5, 000 
Independent industrial waste 
(hiv (111) a, ae ae Ane MBSR GET! Fe RRS (RR Some ace 50, 000 6, 000 4, 000 10, 000 
Reta week Sess iboats aA ees 580. 000 40, 000 20, 000 60, 000 
Comparative cost: 
Primary treatment, all waste_._|_.......]-.-.....].-.------- 420, 000 30, 000 15, 000 45, 000 
Secondary treatment, all waste_|_.......|-----...]_--------- 620. 000 45, 000 20, 000 65, 000 
eo ee gy Lr dude ees, Senha AY MB Tie Lt, Sa [eA aero 580, 000 40, 000 20, 000 60, 000 
DEscrRIPTION 


The Little Miami River, draining 1,755 square miles in southwestern 
Ohio, rises in Clark County and flows southwesterly for about 100 
miles to join the Ohio River near the eastern city limits of Cincinnati. 
The generally uniform stream bed, free from significant rapids, is 
1,150 feet above mean sea level near headwaters and has a uniform 
gradient of about 6.5 feet per mile. 


~ 
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Drainage 
River mile | area (square 
miles) 


Major tributaries 
PAL IO ies ee SiR hal EE Race SS Dk Ra a MU ene ee ea 12 501 
MTs SS tg ee TRIO ay Seine SARS (089 3 iG aE Rare RR SOLS 2 Sead 39 261 
CORRRBE reek odes a nbetouwodduns ratwemecnwdstigdcbwiitwscmasseuss sie. 51 239 


1920 1930 1940 
9, 110 
5, 03 2 
3, 396 5 
—————S— Ss 
93, 867 
17, 543 
111, 410 119, 052 135, 474 


Industries —Municipalities in the basin are essentially trading and 
distributing centers. Agriculture is the chief basin occupation and 
corn and garden truck are principal crops. Cattle, sheep, and hogs 
are raised in large numbers. Waste byproducts from vegetable can- 
neries is of special stream-pollution significance and operating seasons 
coincide with critical stream conditions. . 

Water uses.—Three communities on East Fork with a combined 
population of 1,700 and one on Todd Fork with a population of 1,500 
use surface streams as a source of water supply. Stock watering from 
surface streams is common throughout the basin. 

Recreation, including fishing, summer cottages, and boating, is 
observed in the basin with special concentration in the lower reach 
near metropolitan Cincinnati. 

Navigation improvements are not considered on this stream. 
Flood-control reservoirs at five sites on the Little Miami River and 
its tributaries have been studied by the United States Engineer 
Department. 

PRESENTATION OF Fieitp Data 


Figure Mi-1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure Lm-2 shows similar 
data and, in addition, the location of water-supply intakes from 
streams below source of pollution and laboratory data on coliform 
organisms, dissolved oxygen, and biochemical oxygen demand. 

Water supply.—In the basin, 21 public water-supply systems serve 
39,100 people. Supplies shown in table Lm-2 are from surface 
streams. Greater future use of surface waters is indicated. Ground 
water is limited in many sections and is generally hard with high iron ° 
content. 
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TasBLe Lu—2.—Little Miami River Basin: Surface water supplies 


7 
Popula- tion 

Source Mile: | Treat, | “tion | million 

Mordeinall served gallons 

unicipality per day 

Supplies below community sewer outfalls 
Batavidi-» secocecsss cw ccle ccc Ne GC ae 23 FD 1,100 + 0.07 
IVI ELUMTNAS DUG so hee ee rj Up PED ste yi oe BON pie 45 FD 400 03 
Other surface supplies 
1 ET an he ae 2 a A Se MmenIeG.. .2 225 oo oe aeons FD 200 0.01 
PASTS OR SS 22 ene ath Lee Bok PSTD ed PSP OE be A ee FD 1, 500 05 
Total: 

GIO MESAW ED. CUTAN: 1:5 (ierter teks ieee. oct soe coat ete oe ee 1, 500 -10 
CUE tt sl ae setads Sed La ie lal] ieee ie San ke Mb SAR Re ie rare | he Pe Be eee aay DEP eaens 1, 700 - 06 
FLOLQUBUILIGBCIWALOR SU DRONE oo ones on ols e ose a- sol secoces wnecchoosneeelu 3, 200 16 


1 Miles above mouth of Little Miami River. 
2 F—coagulated, settled, filtered; D=chlorinated. 


Sewage.—Table Lm-3 shows the population served by sewers at 
each of the more important sources of pollution in the basin. Cin- 
cinnati and its suburbs are the largest contributors of wastes. Inter- 
ceptor construction now in progress will remove these wastes from 
the Little Miami. After treatment they will be discharged to the 
Ohio River. Sewage from 31,700 people in other communities 
enters the streams of the basin and of these 24,600 are served by the 
11 sewage treatment plants. 


TaBLe Lo-3.—Little Miami River Basin: Sources of significant pollution including 
ein gs waste expressed as sewered population equivalent (biochemical oxygen 
ema 


Sewered popula- 


Miles tion equivalent 

i — he ree sy sone a 
mout ion con- en deman 
Municipality River of Little {nected to | ‘T¥eatment 8 
iami | sewers 
River Un- Dis- 
treated | charged 
Cincinnati and suburbs____- Little Miami___- 5 78,000 | None____-------- 129,000 | 129,000 
(i) 7 CES ee me ee wee ee ek fl 14 5a) ie Scene ri 11 Caleta eee 1, 500 1, 500 
Waynesville tise 2282222 as 62073 Bt 54 500 | Secondary__----- 2, 000 1, 600 
OXBNN Geet oe rs5 be. eee dQ@ic conics Giiie- osc ceases ss. eo sssessere 1, 1, 500 
*oellow Springs... ce ceate aL (1) ae Deon 84 1,000 | Secondary-_-__---- 1,000 100 
New Vienna.----..-_-.-.-.- East Fork_._---- 90 400 ONG.22 6222 tets 1, 400 1, 400 
LES LT a a Si Turtle Creek___- 40 3,100 | Chemical pre- 5, 300 2, 600 
cipitation. 
Blanchoster:: 2 S254 2 oss s52 Second Creek-_.- 50 4,200 |: None: _.-3-u---<- 2, 000 2, 000 
WRITE D OE 6p obs 5 Uo om Lytle Creek__--- 63 5,000 | Chemical pre- 6, 110 1, 800 
4 cipitation. 

PRMPSLOW I So caaclcewosu dee Caesar Creek ___- 82 900 | Secondary------- 1, 500 700 
e500 ye SA ES RS Shawnee Creek. 80 TTSOOO si oo (ee a 11, 000 1, 600 
Orpbhilis Homes 2: 2-2-2. 2|_ 22% (Tine ee See 82. 61,000 | 35222 72 (i See Lh eS 1, 000 00 
Wilberforce 7.220 se Massie Creek. .- 82 1,000 -t3_=3 BOs 2s. eae 1, 000 100 
MU BnIeeneoustens: © 3 bo Soo ce. oe ee orcs a lctaecscos 5,100 | Various...------ 6, 100 5, 100 
MULT Nee psi Wa GR ir ae te Ree ED Sea ye TOUAIUG boanen deka eenes 170,400 | 149, 100 


1 Recent treatment plant. Not in operation in 1939. 
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Industrial wastes.—The only industries discharging wastes of con- 

- sequence other than to municipal treatment plants and outside the 

Cincinnati area are eight vegetable canneries. In addition, two 

vegetable canneries discharge wastes to municipal treatment works. 

Four others have taken steps to reduce the strength of the wastes 

before they leave the plant. Table Lm-4 shows data on the indus- 
trial waste load in the basin. 


TasLte Lu—4.—Little Miami River Basin: Summary of industrial wastes not 
discharging to municipal treatment plants, with total of entire industrial waste 
load in the basin 


Industrial waste Estimated 
disposal At leat ete 
; minor population 
Industry pict corrective equivalent 
Municipal} Private | Measures | (biochemical 
‘ sewers outlets taken oxygen 
demand) 
Manmeries coo ease esewnnde 8 1 7 4 6, 900 
Waste unconnected, municipal 
treatxheneis22). FST va 8 1 7 4 6, 900 
Industrial waste to Cincinnati sewers 1_---------------------------------------------------- 51, 000 
Waste discharged to municipal treatment- ------------------------------------------------- 2, 800 
Total industrial wastes in the basin. ------------------------------------------------- 60, 700 


1 Industries not surveyed individually. Population equivalent based on comprehensive sewer gaging 
and sampling program of city. 


; PRESENTATION OF LasoraTory Data 


The laboratory data for the Little Miami River Basin aresummarized 
in table Lm-—7 (p. 655). Selected results of the analytical observations 
are shown in table Lm-5 to depict typical low flow conditions at 
major points on the Little Miami River and major tributaries. Spot 
symbol maps showing the most unfavorable monthly average coli- 
form, dissolved oxygen and biochemical oxygen demand results are 
presented in figures Mi~3, Mi-4, and Mi-5 (p. 610), respectively. 


TasLe Lm—5.—Litile Miami River; Selected laboratory data—Main stream and 


tributaries 
(seh tee rei Sore Eh Littl Little Little Little Little Little Little 
ai Miami Miami | Miami | Miami | Miami | Miami | Miami 
carn titre Pty oe! ke ce 5 Above | ‘Below | “Above Below Above Below Beech- 
Yellow | Yellow | Turtle | Turtle | Milford | Milford |. mont 
Springs | Springs | Cree Creek Bridge 
are re tens mouth of 85.5 84 33.8 31.2 14.2 13.3 4.3 
C ttle Miami. 
Period d0see gee July- | Juiy- | August | August | August | August | Septem- 
Septem- | Septem- ber- 
ber er ; October 
N ipmber of samples ¥ Pistol a 3 3 3 3 i 1 4 
low in cubic feet per second: 
Sampling days. See eae 64 64 1.0 1.0 105 105 125 
BO err e, wry oS RGM BETS isa caee ee | S| aE we 
ater temperature °C______._- : ; , 5 5 4 ; 
Coliforms per milliliter. aE AM 31 21 47 18 4 23 4, 580 
olved oxygen Ss per 
million cel. Seite Sautlt at 7.6 8.2 | 7.8 8.3 7.9 9} 2.8 
Biochemical oxygen demand 
5-day, parts per million... ..- 0.9 1.2 1.3 1.5 2.7 2.9 6.5 


Oe Bs ae eo ee ee ee eee? © ak CORSE 90 © SD OES a aaa NRT 
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TaBLe Lou—5.—Litile Miami River; Selected ome data— Main stream and 


tributaries—Continue 
Oi ee ded de Sade ecb aes Shawnee! Todd Todd East East East East 
Creek Fork Fork Fork Fork Fork \| Fork 
peationt:- 523. - Fee COA Below | Above Below | Above | Below Above Below - 
Xenia |Wilming-|Wilming-| Lynch- | Lynch- | Batavia | Baatvia 
ton ton burg burg 
River miles above: 
' eeruons with Little 1 27.5 20. 5 73 68 13 8 
mi. 
Mouth of Little Miami--_- 76.1 66. 5 59.5 85 80 25 20 
| ede ath Sema Ui August | Octoher | October | October | October | Septem- Pepin 
er 
Number of samples. ---...-__-- 2 2 2 1 1 1 i 
Flow in cubic feet per second: 
Sampling days-._........... 1.0 1.0 1.0 1.0 1.0 1.5 1.5 
NE MONG. 5. sedan lees Ua EES POes tae aualenbedeoteshe net cbedalegacandase 1.3 
Water temperature, °C__...__.. 20.5 12.0 10.8 20.0 21.0 19.0 19.0 
Coliforms per mitliliter___.._._. 23, 500 1, 275 2, 765 23 4 64 9 
Dissolved oxygen, parts per 
tet {) (oT Lape I pie nd 8 Samy a Bee 5.2 2.7 1.6 2.5 5.6 6.2 4,4 
Biochemical oxygen demand, 
5-day, parts per million...._- 6.7. 4.6 16.2 3.5 3.2 2.5 3.8 


At most stations in the basin, monthly average coliform results 
exceeding 200 per milliliter were observed during at least 1 month. 
High results were obtained from April to August 1939 and low results 
from September 1939 to April 1940. The most rapid coliform reduc- 
tion in the stretches below sources of pollution occurred during the 
period August 1939 through January 1940, when discharges were low. 

The dissolved oxygen results were generally more favorable than 
the coliform results. While complete oxygen depletion was observed 
below Lebanon and Bethel and monthly averages of less than 3.0 

arts per million were observed below Wilmington, Jamestown, 
x cnia, Lynchburg, and at Beechmont, reaeration appears to bring 
about a recovery in dissolved oxygen within comparatively short 
distances below sources of pollution. 

Maximum monthly average biochemical oxygen demand results 
of more than 5.0 parts per million were found at 49 percent of the 
stations in the basin. At 30 percent of the stations the highest 
monthly average was from 3.1 to 5.0 parts per million, and at 21 
sory of the stations it was less than 3.0 parts per million. The 

ighest results, 93, 46, and 43 parts per million, were observed below 
Wilmington, Lebanon, and Bethel, respectively. However, except 
below a few sources of pollution, such as Xenia and the above three 
municipalities, few results were in excess of 3.0 parts per million, so 
the picture as presented by the most unfavorable monthly average 
is somewhat darker than was actually the case over much of the 
sampling period. 

Samples from Beechmont were influenced by sewage from the 
Cincinnati area. Results obtained pees January 1940 over the 
entire basin were influenced by the extremely cold weather and by ice 
in the streams. 

Biological summary.—The plankton of the Little Miami River 
were found to be abundant in species and numbers. The main stream 
is well. supplied with fertilizer by the several small towns along its 
banks and average plankton volumes at the various sampling stations 
ranged from 2,000 to 6,000 parts per million. The plankton in the 
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tributaries was somewhat less except in Turtle Creek at South Lebanon 
where the population rose to 77,000 parts per million on 1 day. 


HyproMEtric DaTA 


Of the three gaging stations in the basin, two are on the Little 
Miami at Milford and Spring Valley and one on East Fork at Perin- 
town. Springs in headwaters influence critical low flows in the Little 
Miami, but flows in East Fork are extremely erratic, with long periods 
of near zero discharge. 


Tas_e Lm—6.—Litile Miami River Basin; Monthly mean summer flows cubic feet 
per second at gaging stations for years in which low summer flows have occurred 


Begs EN CEN ath | Ai SEG ae fae BS ape Little Miami | Little Miami East Fork 
PieeslOnss, ootces [phe al adda ne Seeees dessa hee - eee Above East Near town Near town 
Fork at Spring Perin- 
Milford y town 
River miles above: 
Conneones with Tittle: Miginis- 22) coc ccccrcmebn sn [obese ana ewok Decide conus 6 
Mouth of Little Miami-.__....._..-.-.-------------- 14 63 18 
Drainage area, square.miles____._.....------------------ 1,195 361 477 
Period te waeene Si Sai ht cee ee 1924-39 1925-36 1924-39 
Cn TE Soe CREE Sie RET Pn Pion Oe See 1930 1930 1930 
Juans es ahs, Oe cubic feet per second _- 150 84 4.3 
BFL a ee ee CL ee ae eee Eos TARE Bee ead 78 53 11.3 
Pipa: Saati g § Ee Ea ah ee do___. 78 44 1.8 
Sentembdt fo eh ssc. Retsccees dees Coupes 123 44 14 
Weerisoth ire ses eh eee eee 1936 1932 1936 
Funes et FA es ay cubic feet per second __ 147 419 2 
eee Of ERS ep Si ree oS do___- 61 at 
VUNG Of ee es Oe fe ee bee nee 
Soptenioeres—- os cs. ka 5 2 tees ders 4s ALN A 49 64 
eae Sees reset EAE SE eS AE ee cae one a 1939 1934 1939 
Bi oe Pe lcs ee Perm tas cubic feet per second _- 1, 240 44 157 
it tae laa eet es amare ere eS tee Swe kt dou. 69 124 
A | Paw one Sfokee © mop heRmA RS Gee et ete eS GO sec 191 231 4 
Seitemiber 2222) 5 tte Ae as een sos 170 135 11.3 


1 Minimum flow. 


Proposed stream control.—Five proposed flood-control reservoirs 
on the Little Miami River and its tributaries have been studied by the 
United States Engineer Department as follows: 


Miles koa 
mou 0 
Reservoir sake Little Miami 
River 
ee a | 
Washington Mills._.__.....-----..---..-:-.-| Little Miami--------------------..----...- 
insane t Week hxc edcct woo cee Caesar CreeK..------------------. 2-2-2. 
A EP i” ge RE PRT Does Wr aie oR Wed PS, SEO Ren | as Little Miami...------------.-.-.2.2--22-.. 40 
CO} Di: SR BE ae Se ek ee Teas d Fork..---------------------------.-- 
Meaciee Onin ae ss a a 8s Co East Fork-.-.------------------------.--.- 


Increased low flow from these reservoirs would be beneficial to the 
extensive recreational uses of the Little Miami River and its tribu- 
taries. However, only the East Fork Reservoir would create tan- 
gible monetary benefits to pollution abatement by reducing the 
extent of treatment needed for pollution control. 
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Discussion 


Pollution problems in the basin are minor and of local significance 
and can be solved by practical treatment methods. Industrial waste 
is limited to eight relatively small seasonal canneries and the waste 
problem can be corrected by chemical treatment or ponding with 
controlled diversion. All industrial waste is discharged to tributary 
streams. 

Little Miami River below East Fork.—This section is the most 
highly polluted in the basin. Below mile 5 the Cincinnati metropoli- 
tan district contributes a population load of 129,000. Cincinnati is 
constructing intercepting sewers to divert this waste to a point of 
treatment with subsequent discharge direct to the Ohio River. 

East Fork.—With extended periods of near zero flow on the East 
Fork (table Lm-6) the sources of pollution, although minor, will 
require fairly complete treatment to control local nuisance conditions 
during summer droughts. Normal stream uses are restricted to stock 
watering and limited recreation. Low stream discharges limit the 
value of the stream for recreation. At Batavia secondary treatment 
is needed and appears justified by stream uses below the outfall. 

Primary treatment would be sufficient at Batavia if the proposed 
East Fork reservoir is operated for low-flow control incidental to 
flood control. Such operation would require no additional cost in 
reservoir construction and would ensure the adequacy of Batavia’s 
public water supply taken from the East Fork. Intangible benefits 
would be substantial. The flows would provide dilution for residual 
pollution and would increase the recreational value of the lower 
East Fork and Little Miami Rivers. 

Little Miami above East Fork.—Minor pollution problems exist die 
to inadequate waste treatment below Blanchester, Lebanon, Wil- 
mington, and Xenia. These problems are purely local and can be 
corrected by secondary treatment at Blanchester and additions or 
improvements to existing facilities at the other three places. 
oer estimates for remedial measures are summazized in table 

—1. 
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KENTUCKY RIVER BASIN 


SYLLABUS AND CoNCLUSIONS 
SYLLABUS 


The Kentucky River Basin (drainage area 6,940 square miles) 
comprises parts of the mountains of eastern Kentucky and of the 
Bluegrass area in the central part of the State. Agriculture and coal 
mining are the principal industries and the area is predominantly 
rural. Of the total population of 480,000, only 20 percent is urban. 
The pollution problems are primarily of local interest and much has 
been done already toward pollution abatement. About two-thirds of 
the population of 105,000 served by sewers are connected to treatment 
plants. The principal waste-producing industry, whisky distilling, 
accounts for almost 90 percent of the industrial waste load discharged 
to the streams. All of the distilleries have adopted corrective meas- 
ures of one kind or another to reduce pollution. Acid mine drainage 
damages a number of the creeks in the mountainous area, but none of 
the large streams are acid. Abatement of pollution can be effected 
by known methods of treatment. 


CONCLUSIONS 


(1) Although 10 public water supplies are taken from streams 
below sources of pollution, at only one of them, Irvine, is pollution 
serious. Correction of this situation will probably require changes in 
the water system in addition to waste treatment. 

(2) A total of 105,000 people are connected to sewers, of which 
about 65 percent are tributary to treatment plants. Industrial 
wastes, chiefly from distilleries, have a sewered population equivalent 
of about 130,000, of which about one-third is connected to municipal 
treatment. 

(3) The laboratory observations indicate that, except below 
Irvine and Frankfort, the main Kentucky River is not seriously 
polluted. Gross pollution followed by rapid recovery is indicated 
below communities on tributaries. Distilleries were not all ia oper- 
ation at the time of sampling. Acid mine drainage was encountered 
on certain headwater streams. 

(4) Minimum monthly flows of 91.3 and 15.8 cubic feet per second 
were experienced in 1930 on the main Kentucky River at Frankfort 
and near Winchester, respectively. Elimimating 1930, the low flows 
are 350 and 55 cubic feet per second respectively. 

(5) Proposed flood-control reservoir sites studied by the United 
States Engineer Department are so located as to be of little tangible 
benefit to pollution control. 
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(6) Most of the sources of pollution are on tributary streams which 
are subject to extremely low flows. Secondary treatment of wastes 
is necessary at these places and has already been installed at many 
of them. In gencral, primary treatment will be adequate on the main 
river. 

(7) The principal sources of industrial wastes are the whisky dis- 
tilleries. Most of these operate only during the winter months when 
temperatures are low and stream flows high. Those which operate 
throughout the year cause the most serious pollution. Rather com- 
plete treatment is needed at these plants. 

(8) A summary of cost estimates of remedial measures from table 
Ky-1 follows: 


Treatment Capital cost | Annual cost 
Boy olin bil il ca laeie ae_ eit So SE a a ps ape PSI Ome Se FS SE A SE Ee oe Yee $1, 370, 000 $155, 000 
Suggested additional. _-.-+.2---22.2:2--22-0 22-22 sa ceca se se lees 1, 490, 000 160, 000 


Estimated additional costs, over existing charges, of programs 
involving uniform treatment throughout the basin, are— 


Treatment Capital cost | Annual cost 
PPR ATS. BU DDO Ee eid a eee CaS $1, 300, 000 $135, 000 
OCI AM UREN 222 aa ae eee nen. knane sl enoe- wee aeenoeneunapwewssrene 1, 600, 000 170, 000 


Tasie Ky-1.—Kentucky River Basin: Estimated cost of existing and suggested 
minimum corrective measures for municipal and industrial wastes, with compara- 
tive costs for primary and secondary treatment 


Number of 


plants bandits. Annual charges 
Fri aol Capital 
invest- 
nected to 


ment j|Amortiza-|Operation 
tion and jand main-| Total 
interest | tenance 


- Pri- |Second-| sewers 
mary ary 


—_—————— | ———— | | | | S| SF 


Existing sewage treatment____-..-- 3 10 69, 400 |$1,370,000 | $95,000 | $60,000 | $155,000 


Suggested minimum correction: 
Sewage treatment plants. ------ 3 7 35,700 | 670, 000 45, 000 30, 000 75, 000 
NROCrOUnterceDtors. 22.2 |i 20s ce ol iow oneide ne ene 460, 000 26, 000 |. <.2.J3522 25, 000 
Independent industrial waste 
COLT ONCle tats acess 522. Ate ys ee aes cet eee noe 360, 000 55, 000 5, 000 60, 000 
S11 Ng a Mal tees rian i nica pA Oe is (careers. 1, 490,000 | 125,000 | 35,000 | 160, 000 
Comparative cost: 
Primary treatment all’ waste...|_....-._|-1.2.---]-------=.- 1, 300,000 } 110, 000 25, 000 135, 000 
Secondary treatment all waste._|_......-|-------.|---------- 1,600,000 | 130,000 40, 000 170, 000 
(Apauepentedy. Wacssc. cetasas selon. wuss |et ores ce -—- ee 1, 490,000 | 125, 000 35, 000 160, 000 
DESCRIPTION 


The Kentucky River, the largest stream lying wholly within the 
State of Kentucky, rises in the mountains near the Virginia border, 
flows in a general northwesterly direction across the State, and enters 
the Ohio River at Carrollton, Ky. It drains an area of approxi- 
mately 6,940 square miles. 
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. Drainage 
Distance 
above finned 
mouth miles) 
Major tributaries: 

Cagie: Oneal st is ratings att nice. asec c ek ebsas- 3b dos bsty Jb 11.0 500 
ES QCA! Coy ea Rag gS. a eas ich A Tee ey ES ORS Sy ate pe 52. 2 440 
SMTA ei erate ihe oa ren | Seem Seah tc eae euese 118.1 460 
RR CMON tee gy ee Pee os ae ee cee COs Sut nee 190.3 480 
Pie MAR Pe oo ES ee FL cp an ena nee ca cul pea uwcteedeeo cede 254. 8 736 
re cee Shel ar a “ge RE SEE aS Se nati ee eee Buea Ss 258. 6 545 
PRON UATE = Sek PRE. os Sat Oe sok Gow sducautane tee aeuccsce wate ede 258. 6 1, 305 

Populations 
1910 1920 1930 1940 
Larger cities: 
gP ait i Ege d Ss eR on ©? RES, ali Ae tate 35, 099 41, 534 45, 736 49. 304 
pip 3. eee Re eg eG eS SES eae 10, 465 9, 805 11, 626 11, 492 
Behe Te See SRE Sr Se: peal) iy RETR ey hee 537 4, 348 7,021 7, 397 
Feienmn s = 5 Es Be nS rai 5, 340 5, 622 6, 495 7, 335 
TREE cL STEEN sie Swe 2 7 epee Genie) US RS he Se 5, 420 5, 099 6, 729 6, 734 
Entire basin: 
Le ty: Domai th ven. SAE Saag in eiee toe RR ae Be 293, 650 317, 234 341, 608 385, 916 
ren See eee eee 63, 792 75, 802 88, 604 96, 053 
pe Nie 5, ae) SST ees Napa aE Ret pe a Ree E ON apy: oe Ard 357, 442 393, 036 430, 212 481, 969 


The upper half of the basin is mountainous and covered with 
second growth timber. Coal is mined extensively along the North 
Fork. Much of this mountain section is isolated and sparsely settled. 
Hazard is the only urban community in this area. 

In contrast, the lower half of the basin includes a large part of the 
famous Bluegrass section of Kentucky, a very fertile agricultural area. 
The primary crops are tobacco, corn, and livestock. The distilling 
industry is important. . 

Water uses.—Although the main stream has been canalized for 260 
miles by the construction of 14 locks and dams, the navigation facili- 
ties are relatively little used. The hydroelectric development on 
Dix River near its mouth is the only one of any size in the Kentucky | 
Basin. The storage reservoir, known as Lake Herrington, provides 
Danville with a dependable source of water supply and is widely 
used for boating and fishing. The Kentucky River and many of its 
tributaries are used extensively for swimming, boating, and fishing. 


PRESENTATION OF Fietp Data 


Figure Ky-—1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure Ky-2 shows similar 
data and, in addition, the location of water-supply intakes from 
streams below sources of pollution and laboratory ae on coliform 
organisms, dissolved oxygen, and biochemical oxygen demand. 

Public water supplies.—Of the 38 public water supplies in the basin, 
19 are from underground sources and 19 are wholly or in part from 
surface sources. The 19 underground supplies serve only about 
18,200 people, whereas the surface supplies serve 132,800 people. 
Underground water is generally available in very limited quantities 
and the chemical quality is usually poor although in the Bluegrass 
section there are a number of springs which yield moderately large 
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uantities of water of satisfactory chemical quality. Table Ky-2 
shows data on the surface supplies of the basin. In addition to these 
supplies, Winchester, Ky., in the Licking Basin, maintains an emer- 
gency intake in the Kentucky River. 


TasLe Ky-2.—Kentucky River Basin: Surface water supplies 


Con- 
_ | Popula- | sumption 
Source Mile! nays ton cat ion 
serve gallons 
Municipality per day) 


Supplies below community sewer outfalls 


PEGI OT Gd eriwios erwin adc Keatnoky Rivers) 67.5 FD 


12, 700 1.51 
WWieRAEAIIGS feos Sede cae Spring-well—Kentucky River 3__._| 89 FD 2, 200 0.15 
PRN SON ant Leakdone ee Impounded—Kentucky River 4___| 167 FD 66, 500 5. 60 
1 fC ee Ie I es Se Kentneky Sven sto cece ccc incewe 218.6 CD 3, 800 0.17 
At ole aed a re (Rs) | a a ie a ene es 226. 8 ae = 6 o 
eatt @_..-~---~----------]----- EE ee ee eee . 02 
ok TS 5. Wee ess North Fork Kentucky River___--- 305. 5 D 1, 000 0.05 
Pravard 04 Sete. s-o- docket Co Cope e Te: epee Sees ee nee as 1 FD 16, 000 0. 80 
Stamping Ground_--_.-.----- North Fork, Elkhorn Creek spring_| 86 FD 400 0.01 
Tanvilesce). Asse Dix River... 37328 estos ee 149 FD, 10, 000 0. 60 

Other surface supplies 

| | 

PAdIevle tisets onto ens Mage Oreek 2400. - -n2s<snsectonne 67.5 FD 400 0.01 
GR. See pepo eee Lees Branch-Well..2:...0<2.2:<-~< 87 FD 600 0.02 
Manchester -_-.-.-.---------- Goose @reekys 55.2. - au. 311 FD 1,000 0. 03 
..--| Impounded F 800 0.05 
1, 400 0.05 
1, 700 0.06 
f 0. 06 
3, 700 0. 27 
8, 0. 80 
8. 92 
9, 500 1.35 
10. 27 


1 Miles above mouth of Kentucky River. : 
2 F=Coagulated, settled, filtered; D=Chlorinated; C=Coagulated, settled. 
3 Emergency intakes in Kentucky River. 


Sewerage—Table Ky-3 shows the sewered population at each of 
the more important sources of pollution in the basin. Of the 105,300 
people connected to sewers, about two-thirds are connected to sewage 
treatment plants. Ten secondary treatment plants serve 68,200 
people, while the three primary treatment plants serve 1,200 people. 


TasLe Ky-3.—Kentucky River Basin: Sources of pollution, including industrial 
wastes, expressed as sewered population equivalent (biochemical oxygen demand) 


Sewered popula- 


Miles tion equivalent 
phate: 7 helen (biochemical oxy- 
Municipality Stream a Ken aoe Treatment | %¢n demand) 
tucky | sewers 
River Un- Dis- 
treated | charged 
Frankfort........----- Kentucky River--.--------- 66 | 13,500 | None__._--_- 30,600 | 30,600 
TORE ok ehh p ae pn [sree ales 5 Seas BE fone me nna|-o-~~o--==se ne 4,.700 4, 700 
Bevin sila. 2055 eee Gre sais oii gs ike. 218 | 3,300 | None___.---- 3, 300 3, 
Prygacp atti.) f2---)-. -k (gees Se ee ya Rae |," 9 pa 6 ei 1, 800 i 
i eae eel ame Nor fork of Kentucky 305 1, 300'|_...- aie: 1, 300 1, 
iver. 
Secaeh teeter sles soe Oto Bs caucancdcevas@oaca 360 | 6,700 |.....do__._.-_| 6, 700 6, 700 


FIG. Ky- 
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SOURCES OF POLLUTION 


Navigation Dam 


Y 
Y/——Resuction by Treatment 


N 


Water Supply intake 
Emergency Water 
Supply intake 
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Taste Ky-3.—Kentucky River Basin: Sources of pollution, including industrial 
bepeiee expressed as sewered population equivalent (biochemical oxygen demand)— 
ontinued. 


Sewered popula- 


Miles | Popula- tion equivalent 
above tion (biochemical 
Municipality Stream i em ge q | Treatment oxygen demand) 
tucky to 
River | sewers Un- Dis- 
treated | charged 
Owenton 120.__ 222.222 Stephens Creek. _-_.......-- 47 800 | Primary-_---} 1,000 
Forks of Elkhorn. _--- Elkhorn Creek TD hee ene eee ee 4, 900 4, 900 
Stamping Ground_-_..| Locust Fork_--____-- a be ea el be RAE tants, <8 ©, 11, 500 11, 500 
Georgetown. ________- North Elkhorn Creek_____-_- 104 4,800 | None__._--.-- 10, 300 10, 300 
Midway ts. 2°. oe. = ee Elkhorn 87 600 | Secondary_..} 4, 200 3, 700 
reek. 
Lexington... =.....<.- Town Branch of South Elk- 113 | 46,200 |----- a Coe ee 90, 600 23, 800 
horn Creek. 
LT 1 ir Glenns \@reek. - 4... §...1..2 74g) a eS None_...---- 30, 300 30, 300 
SVEIRAMIOS toc oeec eo. Lita pdms SAR 8 nd pene 84 2,100 | Secondary_..| 2,100 300 
Lawrenceburg-.------- Bailey's Rum. 2232. bres 87 (eeeke Ji. lai os ota 2, 900 2, 900 
Burry Soe Dowling Branch_-_-.__.__-_- ‘Ps Ry a HOP ee peta 2, 500 2, 500 
Denville tise Claris Bam 22522 bat i) 222 155 5,100 | Seeondary...} 5, 300 1,000 
Langaster 24° - 2-5... Dix River tributary___...._- 166 re5 Seae G2 ged ai 1, 300 200 
Daj 6 ip Ci ll St. Asaph Creek___.2-_-___- 175 Poue zone 2 Ce 1, 500 200 
Nicholasville !__...... Town branch of Jessamine 141 2, 0003) 3222 Gd. 27.2. , 900 1, 200 
reek, 
Mereayet!! oc. 52 Brush Fork of Silver Creek. 189 8,300.| 222. deine. 3, 400 500 
Richmond_........-.-.| Dreaming Creek___.._.____- 190 a ae dos2 4 6, 300 1, 400 
McRoberts. .--------- Wrights sorkac 2238 87 62 423 2,000 | None____---- 2, 000 2, 000 
fA Or, a RE RE <TR eter |e Sea ei 3,600 | Various. -.--- 3, 600 2, 900 
Reta OR OPO eee EY ky aati oe | 236,700 | 150,400 


1 Treatment plant under construction at time of laboratory survey. 


Industrial wastes —Of the 23 industrial plants which are not con- 
nected to municipal treatment plants, 9 distilleries account for almost 
90 percent of the total waste load. Table Ky—4 shows data on in- 
dustrial waste-producing plants. All but 500 of the 32,900 population 
equivalent discharged to municipal treatment plants is at Lexington. 


TABLE Ky—4.—Kentucky River Basin: Summary of industrial wastes not discharg- 
ng to municipal treatment plants, with total of entire industrial waste load in the 
asin 


Industrial waste dis- _ Estimated 
* posal > At least sewered 
Number ek SE otal minor population 
Industry 4 corrective (bbcheuiesl 
plants Municipal | Pri measures iochemica 
pa rivate taken ox 
ygen 
sewers outlets emand) 
a SE ee +2 eee 
RE TE Bg a pile a a lk eat 3 2 1 2 6, 300 
LB rds irr RE ee See ees een 9 0 9 9 86, 200 
iE Sales CR tee 65 wali Bian M8? SR Aa esicaer 6 1 5 2 1, 100 
Ue ee See 5h: SES eee ees 3 1 2 1 1, 000 
Wiiscallenpous o-oo SS ec. 2 0 2 1 3, 900 
Waste unconnected, municipal 
Presta bs os See ee 23 4 19 15 98, 500 
Waste connected: to mnunicipa) treatment, ©2000 Ss a eee 32, 900 
Thi indtisirinliwastevr- Dawe <=. ee et ee es ett Bee ae ee 131, 400 


All of the distilleries have taken steps of one sort or another to re- 
duce the pollutional significance of their wastes. The measures range 
from cattle-feeding, ponding, and broad irrigation to evaporation of 
the distillery slop. The fact that most of the companies operate only 
during the winter months when temperatures are low and stream 
flows usually high helps to reduce the seriousness of pollution from 
these sources. 


~ 
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_ Acid mine drainage causes problems of primarily local importance 
in the area drained by the North Fork. Records compiled while the 
mine-sealing program was active in Kentucky indicate 177 active, 62 
marginal, and 416 abandoned coal mines in seven counties. One 
hundred and thirty-seven abandoned mines have been sealed. Mine 
sealing records indicate that water containing a total of 80 tons of 
mine acid daily flows into tributary streams in this mining area. 
Some progress has been made in reducing acid mine drainage through 
sealing 137 abandoned coal mines. The relatively high natural ellra- 
linity of the natural run-off helps to reduce the damage by mine 
drainage. 


PRESENTATION OF LABORATORY Data 


The laboratory observations for the Kentucky River Basin are 
summarized in table Ky-7. Selected data on the main stream and 
tributaries are in table Ky-5. Except for the observations at Gratz 
and Carrollton, all of the results were obtained by a mobile laboratory 
unit operating in the basin during September, October, and Novem- 


ber 1939 and are representative of the low-flow conditions which pre- 


vailed in the basin at that time. The Gratz and Carrollton samples 
were collected over a period of several months. 


Taste Ky—5.—Kentucky River Basin: Selected laboratory data 


MIVA = Sedna Sus Seseee ste Ken- Ken- Ken- Ken- Ken- Ken- Ken- 
tucky tucky tucky _tucky tucky tucky tucky 
LOGations csct 425 .se% daesiciwe Above Below Below Above: Below At Mouth, 
Beatty- | Beatty- | Irvine Frank- | Frank- Gratz | Carroll- 
ville ville fort fort ton | 
River miles above mouth of 255 254.3 216.5 67 62 29 0.2 

Kentucky. 

Period 1980s375- 200-3 cus Sept. 29 | Sept.29 | Oct.3 | Sept. 27 | Sept. 27 |Jume 1-15| Aug. 4-24 
and and and 
Oct. 3 Oct. 5 Oct. 5 

Number of samples__._--.-.--- 2 1 1 2 2 3 4 
Flow in cubic feet per second: 

Sampling days_..........-- 148 148 206 443 443 2, 500 2, 875 

Minimum month. _..-. 9 9 15 91 US sg Pace 
Water temperature, ° C 22. 5 24.5 21.5 22.0 22.0 24.0 25. 9 
Coliforms, per milliliter 125 9 2, 400 23 ae Loy / 19 25 
Dissolved oxygen, parts per 

iF (a TE SRR ees Ree tee ge 6.9 6.7 5.8 (ie 3.8 had 6.3 
Biochemical oxygen demand, 

5-day, parts per million_____- 1.8 2.2 1.6 1.9 2.2 1.5 1.6 
RLV AR eas enc 8e ah North North | Walnut, | Clark Town North North 

Fork Fork | Meadow Branch Fork, Fork, 
Branch Elkhorn | Elkhorn: 
SMPEUION 22 oe dus we aceden wes Above Below Below Below Below | Above Below 
Hazard | Hazard Berea | Danvile | Lexing- | George- | George- 
: ton town town 
River miles above— 
Confiuence with Kentucky_ 105 104 42 36 61 40 38 
Mouth of Kentucky_..-...- 360.5 359.5 188.5 154 113 92 90 
inci gif POS RES ee ks October | Oct. 26 | Sept. 29-| Sept. 28- | Sept. 25-| Sept. 26 | Oct. 13- 
Oct. 10 et. 9 Oct. 10 and 
Oct. 5 
Number of samples__...-.--.-- 3 1 3 3 3 2 1 
Flow in cubic feet per second: 

Sampling days..............- 3.0 BOT ee i ee eee Me ee ee ee ee 
Water temperature, ° C_..._._-. 18.7 23.5 20 20.9 21.8 18.5 14. 0 
Coliforms, per milliliter. ....._. 110 | 110,000 36, 800 60, 000 4, 500 25 24, 000: 
Dissolved oxygen, parts per 

millones LG i eth iS Ls 9.1 0 0.6 0.4 4.3 7.2 0 


Biochemical oxygen demand, 
§-day, parts per million_..._. 2.6 106. 2 85. 2 24.0 11.4 1.7 28. 5 
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Figures Ky-3, Ky-4, and Ky-5 show by means of symbols the 
results of the coliform, dissolved oxygen, and oxygen demand determi- 
nations at the various sampling points in the basin. In each case the 
results shown for Gratz and Carrollton represent the most unfavorable 
monthly averages of the observations at these points made over the 
several-month sampling period. At all other points the results repre- 
sent the averages of from one to three samples collected over short 
periods of less than 1 month by the mobile laboratory unit. The full 
effects of distillery wastes on the streams in this basin were not ob- 
served at the time of this survey as not all of the plants were in 
operation. 

The results of these laboratory observations indicate that except 
for two stretches below Irvine and Frankfort the main Kentucky 
River is not seriously polluted. Gross pollution, however, seems to 
be the rule below most of the communities investigated along the 
tributaries. The coliform observations, in general, corroborate the 
dissolved oxygen and oxygen demand results except on the North 
Fork above Hazard where the coliforms tend to show the worst 
conditions. A tendency toward fairly rapid recovery below the 
zones of pollution is indicated by well-marked coliform and oxygen 
demand reductions and by dissolved oxygen recoveries. 

Acid mine wastes were encountered in the area above Hazard. 
Irishman Creek, Millstone Creek, Thornton Creek, and Yellow Creek 
were found to be acid, with pH values ranging from 2.8 to 4.9 and 
phenolphthalein acidities from 18 to over 900 parts per million. 

Biological summary.—The flora and fauna of the Kentucky River 
are low; less than 2,000 parts per million except when a “bloom”’ of 
Pandorina appeared at Carrollton. The low plankton volume is 
ig ofacleanstream. Good fishing is reported from Carrollton 
to Gratz. 


Hypromerric Data 


Sixteen stream gaging stations have been operated in the basin at 
various times, only four of which are currently in operation. These 
four are all on the Kentucky River. All of the tributary streams are 
subject to extremely low flows, although discharge records are too 
short to indicate probable low flows with any degree of certainty. 
Table Ky-6 shows monthly mean flows during some of the low-flow 
years. 
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TaBLeE Ky—-6.—Keniucky River Basin: Monthly mean summer flows for years in 
which low summer flows have occurred 


BAGO sot abewer aha aces ect} abhi cmceteesserte tear} de de Bs Kentucky Kentucky 
Ih tun bet lentpe:, weeetedbectal eemplinet: biatiadare steam billy ete i ley Po ns Gohan pela, At Frank- Near Win- 
: fort ! chester 
River miles above mouth of Kentucky River-_---....---------.-------------- 65 176 
Drammece\ aren: (square talles)'s'/ 225205 2 ses) 8398 33 fe Se a 5, 400 3, 
Berladial record... Fs ats thee. cpe ber coro Joel toca nee. cote. 1925—40 1909-40 
LAE TG 2 RR RAS ea SS TS aos Pe ST Sa aS TP RS 1930 | 1930 
UNC eew pt cece 20 tbe Fin te es cubie feet per second_- 226 234 
MN ree eat Moe ea oda he eek aon. a eae ee) ee cy aa 121 48.8 
RAIS eee Ae Ske 2 Naas chs po ccs See ee ee ae G0cse. 149 34,2 
LETTE S eTT See al Sie Sse ee Se ae ee i ANS MENT sy” cele eae! 291.3 215.8 
Meats ss 4 au. a) sgeecetes c4scid.- desc bclecece tau nlacesn cag bttceu dn cyacsles 1936 1932 
JURGIAOR See Pe sbi silo. petres cubic feet per second_- 544 1, 060 
“oS Dy SSE Oe al Sr Re ER ONE Sate SSS REET Pee See (Dion §24 3, 690 
Cases: ASRS Beh CRY bas, Ses PA ASSESS Reet ES Ds ve Ci pager 350 1, 499 
MepLeMi ber ad weencve..- frescoes pc5.) - cue ce erecta: 3 2e8c (eee 576 55: 2 
MGnrECe 2G SS eo BI Rot A ee NIeG 1929 1936 
June......2 Fa foe OP ASI BPN SE | RA COALS cubic feet per second _- 2, 460 116 
Dal yied eoee dt ol wrsuasrestusd beet ee. cel ckveoness. . do_.-- 3, 890 138 
NN anc anchicteeiua mec Shae mbes She eect tcc aoe Sake ace doce d6..2. 478 80.3 
Beniemberiel &: 2585S. ea a EE OES dori 1, 040 246 


1 The accuracy of low-flow records at this station is-poor. 
2? Minimum month. 


Low-flow regulation—A number of possible reservoir sites on the 
Kentucky River and its tributaries have been surveyed by the 
United States Engineer Department. These studies indicate that 
the Jessamine Reservoir on the main stream and the Booneville 
Reservoir on the South Fork are the most nearly satisfactory for 
flood control and allied development. Low-flow regulation by these 
reservoirs would benefit the lower 12 miles of the South Fork and the 
entire Kentucky River. 

Such low-flow regulation would have little tangible value since it 
would not eliminate the need for primary treatment at the communi- 
ties along the streams affected and primary treatment is considered 
adequate under present uncontrolled flow conditions. 


DIscussION 


The rapidity with which the streams of the Kentucky Basin recover 
from the effects of pollution and the lack of intensive urban and in- 
dustrial development make the pollution problems of the Kentucky 
Basin largely a series of local problems. Most of the worst conditions 
have been dealt with. 

Of the cities without treatment plants, Frankfort is the largest. 
The Kentucky River at this point has a drainage area of 5,400 square 
miles, and flows of less than 100 cubic feet per second have been 
recorded. No public water supplies are taken from the Kentucky 
below Frankfort, and the lower part of the river, at some distance 
below Frankfort, is regarded as a good fishing stream. Primary treat- 
ment of the sewage and industrial wastes (except distillery wastes) 
should be sufficient. More complete treatment of the distillery waste 
is needed. This can be effected by evaporation of the slop plus lesser 
improvement at small plants. 
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At Irvine and Ravenna the public water supply is taken from the 
Kentucky River below the point of entrance of Ravenna’s sewage. 
The water is not filtered. Primary treatment of the sewage from 
these places should be sufficient to maintain an excellent oxygen 
balance in the stream. Changes in the water supply intake location 
or improved methods of treatment, or both, will be necessary to 
protect the water supply. 

At Hazard, Georgetown, Whitesburg, McRoberts, and Jackson 
complete treatment appears justified because of the extremely low 
flows in the receiving streams. 

The cost of these remedial measures and of other necessary pollution 
abatement measures is summarized in table Ky-1. 
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LICKING RIVER BASIN! 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Licking River drains 3,670 square miles in northeastern 
Kentucky, part of which is mountainous but most of which is in the 
fertile Bluegrass section. The basin is primarily an agricultural 
area; there are no large cities and most of the population is rural. 
The two largest towns have installed sewage-treatment plants. The 
remaining sources of pollution, all of them small, present no par- 
ticularly difficult problems. Flow regulation by use of proposed 
flood control reservoirs will have no important effect on the pollution 
problem. 

CONCLUSIONS 


(1) Thirteen of the seventeen public water supplies in the basin 
come from surface sources. Two of these are seriously affected by 
Sewage pollution. 

(2) A total of 25,200 people are connected to sewers and 11,200 to 
the two sewage-treatment plants in the basin. Industrial wastes 
from seven small plants have a population equivalent of 3,300. 
The population equivalent of all sewage and industrial wastes as 
discharged is 18,900. 

(3) Laboratory data indicate rather rapid recovery of the streams 
from the effects of pollution. A number of the smaller tributaries 
are grossly polluted in the vicinity of the sewer outfalls. 

(4) Available waste treatment methods can restore the streams of 
the basin to satisfactory conditions. 

(5) A summary of cost estimates of remedial measures from table 
L-1 follows: 


Treatment Capital cost | Annual cost 
MERINO: BM Veiblat CORE hs ie. Guan disco tse se er cp e pn bss as deme $290, 000 $30, 000 
Rpdvestad adiditionalt 3. esas ite Ba ae oe uc tdawinweckunn 710, 000 70, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are: 


Treatment Capital cost | Annual cost 
pinary wal iplanes i) javier! Sh lies cant io er eye mai $500, 000 $45, 000 
PERRY GOH INGORE. Bec a cd oe farsa Eee Tete eae ee 740, 000 75, 000 


_—— 
1 For maps of this basin, see Kentucky River Basin. 693 
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Tasie L-1.—Licking River Basin: Estimated cost of existing and suggested minimum 
corrective measures for sewage and industrial wastes, with comparative cost for 
primary and secondary treatment 


Number of 


Popu- Annual charges 
plants lation Capital 
con- eae 
invest- 


nected 
Pri- |Second-} to 
mary ary | sewers 


ment Pees PB 
tion and jand main-| Total 
interest | tenance 


Existing sewage treatment----..-..____ 0 2 | 11,200 | $290,000 | $20,000 | $10,000 | $30, 000 
sag coo minimum correction: 
ewage-treatment plants._..--..._- 2 11 | 14,000 | 520,000 36, 000 24,000 | 60,000 
Reauined interceptors... 65 5 LS ee el te 180, 000 BpO00F bene Eos os 8, 000 
Independent industrial waste cor- 
pectden rie. e2eoa- Son. Seca hE. cae PEER eet 10, 000 1,000 1, 000 2, 000 
POURS 1322.22 PONIES ho ees... PSL. 710, 000 45, 000 25,000 | 70,000 
Comparative cost: 
Primary treatment all waste_-______ FR Aig eas pe mrad (As Neb 500, 000 30, 000 15,000 | 45, 000 
Secondary treatment all waste.__.._|_-....._|-----.--]----_L_- 740, 000 50, 000 25,000 | 75,000 
ONAN Soe ia ws Sasa ool oak ogra «eRe eal ea Ree act 710, 000 45, 000 25,000 | 70,000 
DeEscRIFTION 


The Licking Basin comprises 3,670 square miles of northeastern 
Kentucky immediately to the north and east of the Kentucky Basin 
which it resembles topographically and culturally. The headwaters 
are in &® mountainous area and the western and northern portions of 
the basin are in the Bluegrass section. Agriculture is the principal 
industry. There are only four urban communities in the basin out- 
side of Campbell and Kenton Counties at the mouth of the river. 
These counties are in the Cincinnati metropolitan area and their 
population is omitted from the following summary. 


Populations 
1910 1920 1930 1940 
Urban communities: 
WUE HEE: 2 a ee es Sa ee Se Re eye eS pelaes ~e 7, 156 8, 333 8, 233 8, 594 
iT: Sage TR cat SEE ea ES Oe PRE te YS ee Oe Re Aes 5, 859 6, 310 6, 204 6, 697 
CON ALAGVIGE: 1 SSN DS DGS Gt MAES PC COR at an ep er 3, 603 3, 857 4, 386 4,840 
TNT LE Ce eRe eR de a ee cae ER RE 3, 932 3, 995 4, 350 4, 782 
Basin: 
VBE Dee GRO GEORG RNR ey eel tie er ane ele alee meee reemn 2 SAEED 149,724 | 144,209 138, 639 145, 230 
Syd ivalgegele Esl los on, oO TR a a sep) pe 20, 550 22, 495 23, 173 24, 913 
Ui ye 2 RR, SES Ae ey 8 9 BS OES RE ee Se Pee etek aa ee 170, 274 | 166,703 | 159,812 170, 143 


The only important tributary is the South Fork, which drains about 
950 square miles of the Bluegrass section and joins the main stream 
at Falmouth (mile 51). All four of the urban communities are in 
the area drained by the South Fork. 

Water uses —The Licking River is not considered a navigable 
stream. There are no flood-control or hydroelectric reservoirs in 
the basin. Most of the streams of the basin are used for fishing and 
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bathing by local residents, but there are no outstanding recreational | 
developments. 


PRESENTATION OF Fretp Data 


Figure Ky—1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure L-2 shows similar 
data and, in addition, the location of water-supply intakes from streams 
below sources of pollution and laboratory data on coliform organisms, 
dissolved oxygen, and biochemical oxygen demand. 

Public water supplies—Thirteen of the seventeen communi- 
ties with public water supplies depend on surface sources. The 4 
underground supplies serve 1,700 people and the 13 surface supplies 
serve 36,200. Five of the surface supplies are from streams below 
sources of pollution, while the other 8 are from small impounding 
reservoirs or from creeks above the entrance of any sewage. Table 


L-2 shows data on the surface-water supplies of the basin. ' 


TaBLE L-2.—Licking River Basin: Surface water supplies 


_ | Consump- 
Source Mile 1 Treat- | Population|tion, million 
ment 2? served | gallons per 
Supply day 
Supplies below community sewer outfalls 
STC er re Licking River... -- 22-22-55 51-3"|- ED 2, 100 0. 30 
Mee gg South Fork Licking River------ 82 FD 4, 500 «45 
Millersburg’. -..o.-2532-n5.- Hinkston Creek________..------- 100 cD 900 02 
sh aes eae Stoner. Creek.» _-- -teua-- FD 6, 500. .80 
iinisber es ne es Impounded—Kentucky River 3_|_.._____ D 9, 000 45 
Owingsville Slate Creek___._- 500 -02 
Mount Sterling.......__.___]____- (| ae Saale? 4, 800 23 
orehead. .| Triplett Creek__- 3, 090 15 
Walton SIPOMUBEL S22 tee ee Sealy roe 700 03 
Wiltinmastown..... 0 5222" 2 (: Pescara ae Ue BARNES ORNS SP Siro, Meer Rd 1, 200 04 
a ee Se Mae (i (ee cease) ee Ee Sa Ree 1, 800 04 
RBI INS DUE re cen _ |S 7 RE SR ASEE eRe Mra 900 02 
meme Ota Oe Ee erg 1 op SS ©" RRO aS 7 eat Sear 300 01 
Total: 
Welow-sewer outialle-c-os cases fassesteese ho ooo 5 sk deck eee cen onda 23, 000 2.02 
J. tee Ae aes: we pueere, 5 Lee Meee reel Ore err. 13, 200 . 54 
Pelee ROriace WHler SUN Dhess~- eec- act oo 2a. <4 oe een see eee eee 36, 200 2. 56 


1 Miles above mouth of Licking River. 

? F=Coagulated, settled, filtered; D=Chlorinated; C=Coagulated, settled. 
3 Emergency intake in Kentucky River (mile 180). 

4 Under construction (1941). 


Sewerage.—Table L-3 shows the sewered population at each of the 
more important sources of pollution. Of the 25,200 people connected 
to sewers, about 45 percent are connected to the two sewage treatment 
Plants in the basin. 


696 OHIO RIVER POLLUTION CONTROL 


TaBLeE L-3.—Licking River Basin: Sources of pollution, including industrial wastes, 
expressed as sewered population equivalent (biochemical oxygen demand) 


Sewered population 


Miles equivalent (bio- 
abov Popula- chemical oxygen 
Municipality Stream | mouth of | #02 ea, ae demand) 
Licking | , Becte men 
River to sewers 3 
Un- Dis- 
treated | charged 
Mabrigiatihe =o 2 3 ok Licking River__.__.----- 51 1,000 | None-_--_- 1, 100 1,100 
Salyersville.._..._...--- SESEAGDL < fae Pao tha Boe 274 DOO TAO... Shea 500 500 
Opnthianas.:.5..5.2--.. aa Fork Licking 82 4, 300 |.-.do____-.. 4, 700 4, 700 
iver. 
GN CA Se eres. Oe foe ee (ie ee RA see a fl Enns Metin esters 800 1, 800 
SBT 8 RAR sears ag a ea Cotas ae oe Sete a 100 4,900 | Secondary_ 4, 900 700 
Walton se 22s fe irs Qo: Cruise Creek___.__...-.- 35 200 | None-__---- 900 900 
Wiaillérsbure. i oe =~ Hinkston Creek.______-- 100 600. | ---d0s.~ re 500 500 
Mount Sterling___._.-__]-.--- Cie abicn BRE ating {F- 125 3,/300':|.<2 don 4at 3, 500 3, 500 
Winchester. .___.2..-.-- Strode’s Creek. .__.___.- 120 6, 300 | Secondary_ 6, 400 1, 000 
Flemingsburg__..._.---- sd ier Rabpecs Fleming 129 500 | None____.- 500 500 
‘reek. 
Bforehesd. =~) Triplett Creek..____..-- 179 2,800) |e se80eA cea 2, 300 2, 300 
PHL BUTCeN (0 TOWS) 21 cle... coe ola dcachk Weve baaecmaecus 4, 400] 00255 1, 400 1, 400 
ASP) 1 NER ree, oye oh acai Rr i i ae ey Rs DD AN! ba Wace sean oe 28, 500 18, 900 


1 Treatment plant under construction at time of laboratory survey. 


Industrial wastes—There are seven small sources of industrial 
wastes in the basin outside the Cincinnati metropolitan area near the 
mouth of the Licking River. Table L-4 shows information on the 
waste-disposal practices of these plants. j 


TaBLeE L—4.—Licking River Basin: Summary of industrial wastes not discharging 
to municipal treatment plants, with total of entire industrial waste load in the 
basin 


Industrial waste Estimated 
disposal Atleast | sewered 
Number |__ minor | population 
Industry of corrective] equivalent 
plants Municipal| Private measures | (biochemical 
sewers | outlets | taken aumena} 
ES SEE 5 eee A Sees a See Oe 2 1 x 2 400 
pm tenet Sime eect ure ti .=.ncnseeesanl tise: fetes 2 1 1 2 300 
ainoolanegnes 22-2222) eb iscse ee sshaeeee 3 1 2 Z 2, 600 
Waste unconnected municipal treatment___- 7 3 4 5 3, 300 
mVEnLe.couliegred 40. municipal treatinent..:. 0. co:0s-ss06- 220 bc cea bop edoecnusn t-naeacuue 0 
CPOUtaMaHAbrIAL Waste in: bast los sos ete ee ose. SR ee Oa oe eee ae 3, 300 


PRESENTATION OF LABORATORY DATA 


The laboratory data are summarized in table L-7 (p. 700). Selected 
laboratory data at some of the more important points are shown in 
table L-5. Samples were collected over a period of several months 
at Newport, Latonia, Butler, Falmouth, and Cynthiana and analyzed 
at the Cincinnati laboratory. All other points shown were sampled 
from a mobile laboratory unit during the low-flow period from Septem- 
ber to December 1939. 


Oxygen p.p.m. 
° 
° 
° 


Oo 
3 
° 


Coliforms (M.P.N.] per ml. 


Salyersville 
2860 2 


West Liberty 
50 240 


November—December +1939 


Morehead 


Triplett Cr, 


200 180 


Coliforms | 


FiG. L-2 


o 
- 
3 
Se 2 
« ~ 
= = 
Mt. Sterling : 55 = 
°o > 3 
Hinkston Cr. 
0.02 M.G. 
Walton 
Cruise Cr. ” 
a 
5 2 
Williamstown aa 
” 
t k ° 
2 Eos or 5 
: so 2 O 
4 as 
Winchester at ae 5 pe = 
%Y 
Y Y i sof JH = 
Yj Yy Lair > ps 
{=} 
i South Fork oO |: 
a © 
20 @ 
o~ 
0.80 M.G.D. 0.45 M.G.D0. w tio 
cz 
UW wy 
10 = 
w 
n> 
0 a 
Owingsville Flemings burg - 
Slate Cr. Fleming Cr. 
Falmouth Butler 
160 140 ig 100 80 60 40 20 0 
MILES TO MOUTH OF LICKING RIVER 
0.30 M.G.D. 


Y 
YY ~<—Reduction by Treatment 


| Water Supply intake 


September—October “eee 


|_issoiveg oxy 


Coliforms (M.P.N.) per mi. 


FIGURE-L2 


LICKING RIVER 


SOURCES OF POLLUTION 


AND 
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TaBLe L-5.—Licking River Basin: Selected laboratory data 


Biversict op ltece op tt et Licking | Licking | Licking } Licking | Licking | Licking | Licking 
Mgcaon? =. Stat cob ieeo oe Above | Below | Bridge | Above | Below | Below | Above 
Salyers- | Salyers- | Farmers Fal- Fal- Fal- Latonia 
ville ville mouth | mouth | mouth 
ig es above mouth of 273 272 171 51.5 49.4 49.4 5.5 
icking. 
PONG, Suse sees Sa a ees Nov. 27, | Nov. 30 | Sept. 19, | July 10, | July 10, | Oct.16 | Oct. 9, 
30 21 24 24 16 
Number of samples. -----_.---- 2 1 2 2 2 1 2 
Flow in cubic feet per second: 
Sampling days_._.....-...- 5 5 30 12,115 12, 400 50 63 
Miiormnpim month oc soe. 02 pes ee igtahGibeke ap ce 2:2 5.5 ao Ree 
Water temperature, °C ..______- 2.3 -5 20. 5 25.5 25.3 11.5 15.8 
Coliforms per mililiter__..._._.. 4 23 6 285 1, 100 
Dissolved oxygen, parts per 

mnie ft ei oe ase 12.4 8.9 6.8 6.4 6.8 9.9 8.0 
Biochemical oxygen demand, 

5-day, parts per million___-_- -8 1.7 7 2.5 2.1 1.5 1.5 
Pl see oo ea eee Triplett |Hinkston| Strodes | Stoner | Stoner South | South 

Creek Creek Creek Creek Creek Fork Fork 
TOCRUOI. = 4 =. 65: wi. e sacoe tae Below Below Below | Above | Below | Above | Below 
¢ More- | Mount Win- Paris Paris Cyn- Cyn- 
head Sterling | chester thiana | thiana 
River miles above: 
Confluence with Licking- -- 9 73 68 49 47.5 30.5 29 
Mouth of Licking..__.__.-- 179 124 119 100 98.5 81.5 
Period, 100i et Jet Sept. 19, | Septem- | Septem- | Septem- | Septem- | Sept. 13, | October 
21; Oct. 4 ber r ber or Oct. 11 
Number of samples------------ 3 5 5 3 3 2 I 
Flow in cubic feet per second: 

ReamMpUne Gays .=2 2 3-5 = Dh a Be ce ae | Rages 5 eee ocak 5 5 
Water temperature, °C__..____- 20.3 20. 2 18.9 22.5 23.3 20.8 20.5 
Coliforms per milliliter____.__-- 528 84, 400 41, 660 5 46, 000 35 930 
Dissolved oxygen, parts per : 

soilion 9-6 5 ae chee ca sed 2.5 0 1.0 6.7 0 4.3 1.6 
Biochemical oxygen demand, 

5-day, parts per million__.-_- 4.3 31.6 20.7 1.7 44.9 2.2 24.5 


Figures Ky-3, Ky—4, and Ky-—5 (p. 676) show by means of symbols the 
coliform, dissolved oxygen and biochemical oxygen demand results at 
the various stations. ‘lhe results thus shown are the averages of from 
one to three samples collected over short periods of less than 1 month 
at each of the mobile laboratory sampling points and indicate the 
most unfavorable monthly average at each of the points sampled 
from eee, where observations extended over a period of several 
months. 

The laboratory observations show the worst conditions along the 
main Licking River occurring below Blue Lick Springs, Falmouth, and 
Butler. On the South Fork bad conditions were found below Win- 
chester, Paris, and Cynthiana and below Mount Sterling and Millers- 
burg on Hinkston Creek. Complete absence of dissolved oxygen was 
Observed at Mount Sterling and Paris and averages of 1.2 and 1.0 
parts per million were observed below Millersburg and Winchester. 
Less than 3.0 parts per million were found at Carlisle and Morehead. 
The coliform observations are in general agreement with the dissolved 
oxygen and oxygen demand results as indicators of the major sources 
of pollution. ‘There is a tendency for the coliforms to indicate a 
somewhat heavier degree of pollution than the dissolved oxygen at 
some stations as is shown by the results at Flemingsburg, Morehead, 
Blue Lick Springs, and Falmouth. 

‘The 5-day biochemical oxygen demand results for the most part lie 
within a range of from about 1 to 3 parts per million except immedi- 
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ately below sources of pollution and here the average values did not 
generally tend to exceed 5 or 6 parts per million, except below Mount 
Sterling with 31.6 parts per million, Carlisle with 16.5 parts per mil- 
lion, Winchester with 20.7 parts per million, Paris with 44.9 parts per 
million, Cynthiana with 24.5 parts per million, and Newport with 12.1 
parts per million in January 1940. The pH ranged generally between 
about 7.0 to 8.0. The alkalinities varied from about 50 to 300 parts 
per million and the hardness ranged from 100 to 200 parts per million 
where these determinations were made. 

Where samples were taken over a period of months the indications 
were that the coliforms and the oxygen demand reached their lowest 
concentrations during the low-water months from September through 
December 1939. This is true above Falmouth and Latonia and is 
indicative of the effects of long flow times upon the natural purifica- 
tion phenomenon. 

The laboratory observations indicate that the natural recovering 
processes clear the stream in this basin within relatively short dis- 
tances below sources of pollution at times of low flows. Such indica- 
tions are not shown in those stretches at which increased flows were 
also observed. 

Biological summary.—The plankton population of the Licking, as a 
whole, is not high, usually less than 1,000 parts per million except 
below Paris and Cynthiana, where the effects of pollution are indicated 
by an increase in total plankton. 


Hyprometric Data 


Seven stream gaging stations have been maintained on the Licking 
and the South Fork for various periods, only one of which is in opera- 
tion at the present time. Table L-6 shows monthly mean summer 
flows during some of the low-flow years. 


TasLe L-6.—Licking River Basin: Monthly mean summer flows for years in which 
low summer flows have occurred 


Teh A Se Ee ee eee ere Meee eee See pen ee ee Se ee Licking | South 
Fork, 
Lieking 
UE TUT EE RES pes ey as. eee ee at SE Re ES eee eee ae At Ca- At 


River miles above— 


Consinance with Licking: River: csc 4632-43 2B RRs BG Ree 3 
pregye of permet ae the PaCS ay PS ee ern tree. égka Ba 
ditdinawe ared-(squaere niles). Ji.04 2c lle FL Se Ud ee be eae ead Led f 
Are OF EOUOLLUS | oo e oe cen os ay ee eat ~ 45 Serta eee a eee as 1928-40 | 1928-31 
NOY Fa ia A, — at CS SRE ET teeters Seen ee es eR MN Oy ee 1930 1930 
SR TSS cen ae ne OES eee ne, Se SPP ee cubic feet per second _- 94.1 14.5 
jae Bias ORNs < Pe er eee ee Sees 5 ee hao ara ae ee eee pau sees ou. - 17.0 ig 
pAerteteet ds. LV EE se See sad aes oe LY ea $e PSEA Se aE- GAGES. 13.7 0 
BOBLOIN DODe of =~ sono 8a oe en bo len Be <3 oe ee op nn anes (ee 11.6 0 
EN, SS Ce Se ee ee ee ee See ee ey oe Te ee 1936 1931 
Tunes 366 tt) Beret aor ae ese cubic feet per second __ 95. 3 56. 1 
Jnly. OE Ee Se ee a Bee Bal Se ae Os ee ee es Q0ex.- 29. 5 271 
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Low-flow regulation —A study of a proposed flood-control program, 
involving reservoirs on the main Licking River at Falmouth and 
Cave Run, has been made by the United States Engineer Depart- 
ment and consideration has been given to pollution control through 
multipurpose use of these reservoirs. 

Aithough seasonal low-flow control incidental to reservoir opera- 
tions conducted primarily for other purposes is both beneficial and 
desirable, studies indicate that no reduction in the degree of treatment 
required under present conditions will be possible. Hence, little 
tangible value can be assigned to this added stream discharge. 


Discussion 


The pollution problems of the Licking River Basin are largely local 
ones and are concentrated in the area drained by the South Fork. 
Because of the low flows to which the streams are subject, secondary 
treatment will be required at most of the communities except Fal- 
mouth and Butler, where primary treatment will be suficient. The 
water supplies at Millersburg and at Cynthiana are subject to rather 
heavy pollution. At Millersburg better water treatment facilities 
are needed and the water intake is subject to pollution by drainage 
from the town itself. Improvements and enlargements are needed at 
the Winchester sewage treatment plant. 

The estimated cost of the suggested pollution abatement program 
is shown in table L-1 (p. 694), together with estimates of the cost of 
treatment works already constructed and for comparative programs 
pe SS treatment everywhere and of secondary treatment every- 
where. 
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SALT RIVER BASIN ' 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Salt River Basin comprises 2,890 square miles of the Bluegrass 
section in the north central part of Kentucky. The population of 
nearly 140,000 is predominantly rural, only 16,000 people living in the » 
4 towns of more than 2,500 population. All but one of the larger 
communities have sewage treatment plants. The most serious pollu- 
tion problems are caused by wastes from the 24 distilleries. Although 
all of these have taken some steps to reduce the quantity and strength 
of their wastes, further corrective measures appear justified for the 
protection of aquatic life. 


CONCLUSIONS 


(1) Of 17 public water supplies, 15, serving 26,500 people, are from 
surface sources. Pollution is a minor problem in connection with 
these supplies. 

(2) Sewage from about 20,300 people is discharged to the streams 
of the basin. About 85 percent of sewage is treated prior to discharge. 
Industrial wastes with a population equivalent of about 99,000 also 
reach the streams. Almost all of this waste is from distilleries. 

(3) Laboratory observations show that the Salt River and its prin- 
cipal tributaries are not seriously polluted except immediately below 
the larger sources of pollution. The streams seem to recover rather 
quickly from the pollutional loads placed on them. Practically no 
distillery wastes were being discharged at the time of sampling. 

(4) The limited records available indicate the following minimum 


flows: Cubic Jeet 

per second 
Salt. River at Shepherdsville... - 62.2020. ke Cs coe pe ee 0. 4 
Bolling Fork -at-Bosbets..- 222s oss 2s tcoce tesco aan be eee 16. 0 
Beach, Hock iat, Predetikvown — — 2-2 eee eect hed None 


(5) Very little of the waste enters the larger streams directly. 

ost. of the communities and industries are located on small tribu- 
taries which afford practically no dilution. 

(6) All but one of the sewage treatment plants in the basin provide 
secondary treatment. Such treatment everywhere. is indicated 
because of the lack of appreciable dilution. 

(7) Treatment of distillery wastes by evaporation of the slop and 
ponding or broad irrigation of other wastes is needed at the larger 
plants. At others, improved ponding or irrigation facilities probably 
will suffice. 

(8) The estimated cost of remedial measures as summarized from 
table St-1 follows: 


* 
Treatment Capital cost Annual cost 
Pemebtigs sat sed SPORE Ls Fi ee de $670, 000 $80, 000 
SUES TES To TTA Neg et MRIS RRS Sere 5 RE magia 460, 000 70, 000- 


mee Peis ca vee he 
1 For maps of this basin, see Kentucky River Basin. 7 
i Ga 
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Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are: 


Treatment Capital cost Annual cost 
SELISAIU PAL ONG | sini acest ca ee Oe A en el Se soe ee $380, 000 $60, 000 
MeconGary,. All DIGCOS: — as- 25a ok we be occ eee ete Re ces 460, 000 70, 000 


TaBLe St-1.—Salt River Basin: Estimated cost of existing and suggested minimum 
corrective measures for sewage and industrial wastes, with comparative costs for 
primary and secondary treatment 


ups of Annual charges 
plants .: Ber ae See ape ira ge "So +e 
nS | Borel | caput 

invest- | Amorti- | Opera- 


Prt |Second-| to: dest ment | zation | tion and | Tota 
iar ary _ and main- 
y interest | tenance 
Existing sewage treatment_-_________- 1 7 17, 100 | $670,000 | $48,000 | $32,000 | $80,000 
Suggested minimum correction: : s 
Sewage treatment plants. __._.__- 0 7 3, 200 | 200, 000 14, 000 10,000 | 24,000 
PRBCOIOG Aa LORCA DUI As 2a. |S san ak oe pw tas fen eeencua 10, 600 1, Oris les esses. 1,000 
Independent industrial waste 
eamections 257° Sorter eh Sy geet ita bes 250, 000 41, 000 4,000 | 45,000 
it RES eae tat 8 ie) Ae Beef eee ey eee 460, 000 56, 000 14,000 | 70,000 
Comparative cost: 
Primary treatment all waste. o- [2202 Ay. -5--2]e eee ac ee 380, 000 50, 000 10,000 | 60,000 
Secondary treatment all waste-_-__|..:.....]--------]---------- 460, 000 56, 000 14,000 | 70,000 
GTR OT eh Se ays op a Soe eel een ASE SAPs , 000 56, 000 14,000 | 70, 
DESCRIPTION 


The Salt River Basin comprises 2,890 square miles of rolling land 
in north central Kentucky, most of which is the fertile agricultural 
land of the Bluegrass section. The Salt River joins the Ohio at 
West Point, Ky., about 25 miles below Louisville. 


Distance above| Drainage area, 


mouth square miles 
Major tributaries: 
Rolling Fork (including Beech Fork) 12 1,470 
BOSCH OMe, Senet ee yee 29 776 
Floyds Fork 24 262 
Populations 
1910 1920 | 1930 1940 
Urban communities: 
RIUPROR RIES (staan eye ra eae eee .8, 147 3, 765 4, 029 4, 673 
Shelbyville: sri op os sie iets oc ie LE 3, 412 3, 760 4, 033 4, 392 
Ua eens et anct hoe” hk ss dew te aan 3, 077 3, 239 3, 248 3, 786 
NCEA WOE oo 2h ate Sele cea e De eh hair eee 2, 126 1, 717 1, 767 3, 152 
———————— | —— 
Entire basin: 
Marea.) =o ere Bevis Fi es col beens bkeeecke 9, 636 10, 764 11, 310 16, 003 
Te ERS nae i Te SR So Ear mye 118, 059 121, 268 114, 852 123, 865 


—_—_— 


bth Tat Aas pig oh Ys 127,695 | 132, 032 | 126, 162 139, 868 
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Agriculture and whisky distilling are the principal industries of the 
area. Most of the 24 distilleries are small and are located in rural 
areas. 

Water uses.—The Salt River is not navigable except near the mouth 
where it is influenced by backwater from the Ohio River. There are 
no flood-control or hydroelectric reservoirs in the basin. The lack of 
important towns along the larger streams lessens the need for flood 
control, and no reservoirs haVe been authorized. Many of the streams 
are used by local residents for fishing and bathing but the streams are 
not particularly attractive for recreation because of the extreme low 
flows which usually prevail during the summer. | 


PRESENTATION OF Firtp Data 


Figure Ky-1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure St-2 shows similar 
data and, in addition, the location of water supply intakes from 
streams below sources of pollution and laboratory data on coliform 
organisms, dissolved oxygen and biochemical oxygen demand. 

Public water supplies —All but 2 of the 17 public water supplies 
in the basin come from surface sources. The 2 underground sup- 
plies serve only 600 people while the surface supplies serve 26,500. 
Five of the surface supplies are from streams below sources of pollution 
while the other 10 are from small impounding reservoirs or from 
streams above the point of entrance of any sewage. Table St-2 
shows data on the surface water supplies of the basin. 


TasiLe St-2.—Salt River Basin: Surface water supplies 


i - : ee 
: reat- opulation| tion, mil- 
Source Mile'| ment 2 served lion gallons 
Supply per day 
Supplies below community sewer outfalls 

Shepherdsville___-.....__.- Sth Bes VORe. 250 S76 32 ae Se 778 Bg yo 500 0. 02 
Ravilorsville.5 os det. an eet OOrssest Sos A aes SERED SL. 900 . 06 
Lawrenceburg............-]--.-: |e See eRe ke ee CEST OL.) EDs ies 2, 100 25 
Lebanon Junction. _____.-- Holling POrk--- 5.5. - ee can 23.) >. oe 500 .02 

New dlaven: 2 ele 5 Pi Vanes ne Saree Peta Sa eet AGA cous 300 -01 

Other surface supplies 

Jeohahoris: 2. savers LL Rolling ork. oc tials = Yl 2 oe 3, 500 0.18 

Bradfordville___........_-- North Fork Rolling Fork (infil- 95 | None.__- 200 OL 

tration gallery). 
splyevilies Sk pe Clear Creek, impounded_-______- FR Ol vi Beaty 4, 000 29 
Wart Bono e so Ll Mill Creek-Otter Creek 5, 000 70 
Harrodsburg. _- Salt'Rivers.-<-...2 1 s. 4, 500 14 
Bardstown _____- Impounded. --__-___... 2, 500 22 
Bpringieid (28 MOP Stee Ee 1, 600 09 
Lincoln Institute. .........|----- MD kdl gear te rae aE eye! ORE 300 03 
Nazareth College______..__|_---- Qe eaeae ce is tc oe Oe 400 02 
St. Catherines Academy .-|----- co (Se SANMeetepemet apt mee aaes, Pa ee ae 200 02 
Total: 

Below SAWeLOMidUBbess dnccd. 85-5 <n abana we aac anccnmaaceseeatale ste 4, 300 0. 36 
RRR os ike avaesecic ors qucceia caste hea Meas deducavnide Sooke tee 22, 200 1.70 
TO bal Stirtacd Walon SUUD Ness... Sup Los. bade tonnenncsEpoee me seeenseeee 26, 500 2.06 


1 Miles above mouth of Salt River. 
2 F=coagulated, settled, filtered; D=chlorinated., 
® For inferior purposes only. 
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Sewerage.—Table St-3 shows the sewered population at each of the 
more important sources of pollution. All but 3,200 of the 20,300 
people connected to sewers are served by sewage treatment plants. 


Tas_e St-3.—Salt River Basin: Sources of pollution, including industrial wastes, 
expressed as sewered population equivalent (biochemical oxygen demand) 


Miles f Sewered population 


: equivalent (biochemi- 
above | Population cal oxygen demand) 


Municipality Stream mouth | connected | Treatment 

of Salt | to sewers (pewter ow ees 5 ba ho es a oo 

River , Untreated | Discharged 

te Station. -_--_- Pond Creek-t - 2. seat bi eerqt ateseagisayes S3-- =~. 1, 700 1, 700 
MOTE KnOK-o eon. WY TE try 27 eee gag eal 12 15,000 | Secondary. 5, 000 800 
Lebanon Junction__} Rolling Fork tributary_- SAA es ie 12, 000 12, 000 
Athertonville_.---.- Wpnob, Greek, es S| Crees ae ae Pee ewe fee 14, 000 14, 000 
Bardstown____------ BeCCN- TORK. . se ceca 54 1,500 | None____-- 14, 800 14, 800 
Lebanon. -=....-_-- Hardins Creek__---..-.- 81 3,500 | Secondary. 8, 000 4, 700 
Springfield ___-.---.- Road Run... =<. ede 8 80 1,160 {...dox, 2s 1, 500 600 
Gethsemane_ -_--___- Pottinger Creek________- dal eee mee SO ere BES ESE Se 3, 500 3, 500 
RGD Us Bec ee si es Creek, South Hit rstt tore ke ceserececy 1, 500 1, 500 

ork. 
oretto.2.5sibeeceea Hardins Creek, West AOURELSS” Tice Atl Sees 1, 400 1, 400 
Fork Prathers Creek. 
Clermont. .--.3.... ing Oreek it! 4 26 He SEA 20, 000 20, 000 
Deatsville_...--.--- Cane Muti 2 sa Cy CMe et ee elk epee 16, 000 16, 000 
Nazareth College...| Cox’s Creek______-__--- &3 2 400 Secondary. 2, 500 2, 200° 
airfield. ..¢. 2222. Cox’s Creek, East Fork. AUER. Ole py ee 1, 900 1, 906° 
Taylorsville..._.-.-- Brashears Creek erred 57 800 | None ___-- 1, 100 1, 100 
Shelbyville ---- oP Olpar-Orbele-2 =! S252 255 88 3,200 | Secondary. 3, 200 500 
Lawrenceburg_.-..-| Hammond Creek_--__.-- 96 1,500 |ocscz dit. 7, 700 6, 400 
Harrodsburg__-----. ek Branch of Salt 123 1, 700 Primary - e 1, 800 1, 200 
iver. 

CRIN RUET AOTORS ct lo ae Pe ee Se cad 1,600 | Various--- 1,600 1,000: 
IDE RE GARE RO SAIS D900. beciwacernses 119, 200 | 105, 300 


1 Conditions at time of survey in 1940. Population has since increased. 
2 Corrective measures being taken 1941. Figure represents conditions at time of survey. 


Industrial wastes —All of the 29 waste producing industrial plants 
in the basin have taken some steps to reduce the strength or amount 
of their wastes. Table St-4 shows data on the various sources of in- 
dustrial wastes. 


TaBLe Sr-4.—Salt River Basin: Summary of industrial wastes not discharging to 
municipal treatment plants, with total of entire industrial waste load in the basin 


Industrial waste Estimated 
disposal At least sewered 
Number |) 2s =. bec ee), ROE population 
Industry of corrective ent 
plants Mounict measures iochemi- 
pal| Private akan pi yes 
ygen 
sewers outlets demand) 
"AGS a ee ID Le 5 7 a) a 2 1 1 2 700 
LET EHTS (oan Ga a a =e a ph) era eae TT 24 24 97, 500 
MeanOSANOOIAGY to). 2l =. £ESL bookcase 118 aA De Ey 1 1 betel sais 
Ww = unconnected municipal treat- 
7 SSE ers ae ie 27 1 26 27 98, 200 
Waste: Bsa hi iopuamaticipa red bMent. . 5 2. 36-6 kd kn Seats eae eee deen eee 700 
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None of the distilleries operates throughout the year. Most of 
them commence operation in October or November and continue 
thoughout winter and spring. Since these are the months during 
which temperatures are low and stream flows high, the waste from the 
distilleries does not cause as serious pollution as if they operated 
throughout the summer months. Nevertheless they present the out- 
standing pollution problem of the basin. 


PRESENTATION OF LABORATORY Data 


The laboratory results for the Salt River are presented in table 
St-7 (p. 718). Selected data on the main stream and on tributaries. 
are shown in table St-5. The coliform, dissolved oxygen and oxygen 
demand results are shown graphically on the spot symbol maps in 
figures Ky—3, Ky—4, and Ky—5 (p. 676), respectively. These represent 
averages of from one to three samples taken over short periods and 
represent the most unfavorable picture from a series of several such 
observations at the mouth. 


Tas.Le Sr-5.—Salt River Basin: Selected laboratory data 


; Salt Town 
C2 eta Aa eh etapa ee ahd, Salt Salt Salt Salt 
Leaping. 500 3 -.- ie Above | Above | Below Bric Above Salt rena 
’ Harrods-| Law- | Taylors-| 4 waa! Mill |At Mouth] 355 d 
burg |renceburg| ville Creek ridge 


ville Harrods- 
River miles above mouth of 123.5 92 56 22.5 6 0.1 burg 
Salt River. 122 
12S ao Sag 127 eae bea August | August July- July- October | August | August 
August | August 
Number of samples-_-___-------- 3 3 3 3 4 3 3 
Flow in cubic feet per second: 
Sampling days__..._-_----- () () 15 15 23 246 1 
Manimum montite oo. 4 Jaco bss |S eB ee Ord dh ct oe tasters 25 cad eee ts 
Water temperature °C___-__--- 24.3 23.7 30. 00 27.7 15.5 27.7 23.5 
Coliforms per milliliter. __-._..- 3 10 161 88 (+) 845 45, 000 
Dissolved oxygen, parts per 
oR ren Ree 6.6 4.3 7.5 9.9 4.0 3.5 0.0 
Biochemical oxygen demand, 
5-day, parts per million_-___-- 3.6 2.8 5.6 3.1 3.4 2.0 19.0 
EE ae Perea Se A Ham- Rolling | Rolling Road Beech | Hardins Mill 
mond Fork Fork Run Fork Creek Creek 
Cree 
Loestien: 442-2. SoS oe. Below | At Leba- |At Boston] Below Below Below Below 
Law- j|nonWater- Spring- | Bards- Leba- Fort 
renceburg| works field 2 town 3 non ? Knox 
River miles above: 
Confluence with Salt River_|-.-.------- 73.5 16.5 12 11g eS eS 5 
Mouth of Salt River. _----- - 95 87.5 30.5 80 52 78.5 11 
gs ee |, © ee ae mee August | August | August | August | August | August | August 
Number of samples_..------.-- 3 3 3 3 3 3 3 
Flow in cubic feet per second: 
Sampling days_-.-..-----.- @) 2 87 (4) 25 () 1 
TVURTINNC TOMO =r te epee ane cela ees a DON Sods s senate ek cae Ee ee 
Water temperature °C_____-_-- 21.3 22.0 24.0 25.5 23.8 20.7 24.5 
Oliforms per milliliter. __----- 365 43 14 58, 600 422 10, 900 151 
lssolved oxygen, parts per 
Silo A se-sohs oo oe sae 2.6 5.0 6.3 0 5.8 2.6 2.8 
Biochemical oxygen demand, 
5- day, parts per million_...-- 7) 1.6 1.9 104.0 2.2 13.0 9.0 


1 Less than 1 cubic foot per second. 
? Miles above confluence with Beech Fork. 
iles above confluence with Rolling Fork, 
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All observations in the Salt River Basin, except at the mouth, were 
made by a mobile laboratory unit during July and August 1940. 
Additional samples at the mouth and in the vicinity of Fort Knox were 
taken by a mobile unit in August and October of 1940 and February 
of 1941. At the time of this survey, there were practically no dis- 
tillery wastes entering the streams, and stream flows were quite low. 

From these laboratory data, it appears that the Salt River or its. 
major tributaries are not seriously polluted except immediately below 
the larger sources of pollution. Lawrenceburg, Harrodsburg, Taylors- 
ville, and Shelbyville appear to be the worst points affecting the main 
stem. 

Springfield, Lebanon, and Bardstown on Beech Fork and its tribu- 
taries show bad local conditions below the towns. The Bardstown 
_ outfall sewer permits the discharged wastes to spread over the ground 
so that considerable recovery in dissolved oxygen and coliform re- 
duction is probably achieved before the stream is reached. 

High average coliform count of over 800 per milliliter and an aver- 
age dissolved oxygen content of about three parts per million was 
found at the mouth of Salt River in August 1940. The effect. of 
Fort Knox sewage is shown by the results at the mouth of Mill Creek. 

The Salt River and its main tributaries seem to recover rather 

uickly from the pollutional loads placed upon them. The data 
show generally good coliform counts of 25 per milliliter or less above 
most towns on the larger streams, in contrast with fairly high counts 
below the towns next upstream. The dissolved oxygen generally is 
good with average values of 5 parts per million or more except imme- 
diately below sources of pollution. The average 5-day biochemical 
oxygen demand is generally less than 3 parts per million at the above 
stations and represents a considerable improvement over the values 
below the next upstream town. 


Hyprometric Data 


The only discharge record available in the basin prior to the begin- 
ning of this survey was on Beech Fork at Fredericktown, drainage 
area 530 square miles (11 miles above Bardstown), where a station 
was maintained from October 1930 to March 1932. During the first 
part of the record, zero flow prevailed and during the summer of 1931 
the flow was less than 5 cubic feet per second for a considerable period. 
During 1940 and 1941 two stream-gaging stations have been main- 
tained in connection with this survey, one on the Salt River at Shep- 
~ herdsville (drainage area, 1,210 square miles) and one on Rolling 
Fork at Boston (drainage area, 1,300 square miles). During October 
1940 the flow at Shepherdsville averaged 0.4 cubie feet per second 
and at Boston 16.0 cubic feet per second. As it is very brief, the 
entire record is presented on table St-6. : 
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TaB.Le St-6.—Salt River Basin: Monthly mean flows at gaging stations for years of 


record 
Maveh bars eit jc eet eet eto eet hanens Oth a settee ees Salt Rolling Beech 
or Fork 
TLncntinnt sc Sa SoS eRe eae eee abba oe Shepherds-} At Boston | At Fred- 
: Ville ericktown. 
River miles above— 
Cae haghse with Gall Rivet. = <...ssre --<biyas- ans np eek awe tnt ete oe 18 35 
IMEI Or Suit Stl V Ot oe nee rene ces ian dana tee 25 31 65 
Drainage aréa (Square miles)=: 2 =~ --~2s---5-- 2a 5 ose 5522s 1,210 1,300 530 
Cig eat Rese St Se Pligg a ee + Se Roy eee mies bh ea are 1940 1940 1930 
Fully) seolet cesta eel ee cubic feet per second _- 275 406) bis er 
ASE. ¢F 2c s92 - SRST rae Sera Sa ee ee ae tbs 72 CONG nn ewer 
VaR ges ee goa Sag Rapa sonora 2a Ove Se ee EES Se Ra dos.3 28 hs Ee eae Be 
RRO DEE: yoo acta oS Sa esau eases sande bec eaaaas do___. 4 16 0 
LPO EL ae ee pa bee eee es OP se oe ee Go... 34 168 1 
OOM DEF cars = chain = aps raw = a Sis ein oe do122= 409 719 3.2 
BOG RE ae 8 IS an ca pone Wt Ew cae ag eee pCa Sasa Sia 1941 1941 1931 
raiaigry <5. ase oe et a are ee ee enna cubic feet per second__ 1, 233 1, 088 114 
February.._---:-----------------------------2------------ do___- 323 335, 2, 360 
CS gS apie tne aE APSE SS Se rae 304 330 4, 820 
PRIN cpa a cst he tg tae om re Pe rn ee neds WO. >. ee oe te ee 4, 
LC ae eR REN LSS a aap eee, eee (ie aang era PR BS eS 325. 
[1s a antes Rely Bee Rete trata ec SESS ey Te Pe ERE Cs | (Phe eee EMR FYELE eee SE” 920 
SE ee EES eee Pee ELE eee Cs Sos Pyaemeeereepytan, por dias shor 8 510 
PR = Perr aa nee er Pet ie rete ane eas COLE gy ap epee oe al tp a 2, 090 
September. <_ ---05- 2. - 2-2. == -- 2-2 4--- 5 e+e ca Tae pene am ee Fe RR 2, 360 
OO UDE 2 oa 3 2a eins ene nn Se me ns Cabana eee eae Ca Ls cpap cave alge tapes a ec 2, 730 
DOT VeH Dele. Ska oe, apes tak ae ee as oa aah oe eae coe peels) errata ferapes any eee 4, 
Decem bets: —a2 2 a a ir rep (i (aes ene neeoey Were Been caer eee 15, 300 
FOO Seay. . 22.2853 - shaw eet . tea. CSIR esas. Sos 2 ee. - ce cetefe cia 1932 
EET ae ea ee oe ce Re Be ethic feet per secone . 40 S22 sae 8 ees 17, 900 
Webruary. 22-2 23 22 oo oe a eee Sanne aS | tie | See Tee 6, 
BRC a ao rier aie n= Steerer har anna eeeee=ene Ci FEE FORMS Ea al PPS eae ee 13, 100 
Discussion 


Sewage pollution in the Salt Basin is not a serious problem. Bards- 
town is the only urban community without a sewage-treatment plant, 
but local nuisances still exist at a few places. Three smaller com- 
munities and three small institutions either have no plants or very 
inadequate ones. At Harrodsburg the primary sewage-treatment 
plant appears inadequate. Enlargement and addition of secondary 
treatment devices are indicated. At the smaller places secondary 
treatment may be needed to prevent local nuisances. 

The milk plants can all be connected to municipal treatment 
plants. The distilleries, however, are not readily accessible to city 
sewers, or discharge such large quantities of wastes that connection to 
municipal treatment plants is infeasible. Treatment facilities at a 
few of the distilleries are adequate at present, but at most of them 
‘some additional corrective measures appear justified. These would 
include evaporation of all objectionable wastes at the larger plants 
and improved broad irrigation at smaller plants. Disposal of slop to 
farmers and to cattle feed may be satisfactory at small plants and at 
hormal times, but supplementary broad irrigation is needed for han- 
dling dilute wastes and emergency discharges. Broad irrigation must 
be located in rural areas and be carefully done to be reasonably 
effective. Ponding has not proved satisfactory even at small dis- 
tilleries becatise of inadequate design and resulting overflows and 
breaks in dams, especially at times of heavy rains, and also because 
of the local nuisance created. 

The estimated cost of these suggested remedial measures is sum- 
marized in table St-1. 
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WABASH RIVER BASIN 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Wabash River drains 33,100 square miles, almost one-sixth of 
the entire Ohio Basin. A little less than half of the 2,500,000 people 
i the basin are in urban communities. Indianapolis (386,972) and 
Terre Haute (62,693) are the largest cities. Agriculture is the 
Predominant occupation and the principal industries are concerned 
with the processing of agricultural products. Coal, oil, and lime- 
Stone are important mineral products. 

Progress has been made toward the abatement of pollution and the 
Sewage of almost three-quarters of the sewered population receives 
treatment. In spite of substantial progress toward the abatement 
of industrial pollution, these wastes cause the most serious problems at 
Present. 

CONCLUSIONS 


(1) Forty-six of the 275 public water supplies in the basin are from 
Surface sources. Thirty of these, serving 687,000 people, are from 
Streams subject to pollution. 

(2) About 1,120,000 persons are connected to sewers. The sewage 
of 73 percent receives treatment. Industrial wastes have a popula- 
tion equivalent of 1,772,000, of which 547,500 is discharged to munici- 
Pal treatment plants. 

(3) Laboratory studies indicate that the worst pollution problems 
“re on the Wabash below Terre Haute, the West Fork of the White 

‘iver below Indianapolis and the lower Muscatatuck River. In ad- 
tion, many smaller streams are grossly polluted. 

(4) The jlargest cities discharging untreated sewage are on the 
Wabash River. Partial treatment should be sufficient to maintain 
Satisfactory conditions below Terre Haute and at other places on the 

abash from Logansport to the mouth. 

5) Secondary treatment will be required at most of the other 
communities such as Bedford, Columbus, and Shelbyville. Additional 
treatment facilities and interceptors are needed at Indianapolis and 
Mprovements or additions to existing plants are indicated for Dan- 
ville, Ill., Franklin and Tipton, Ind. and other places. 

Canneries are the principal waste-producing industries. Most 
of these will require relatively complete treatment. ! 

.0w-flow augmentation by proposed flood-control reservoirs on 
Raccoon Creek and on the Embarrass River would be of minor value 
M abating pollution at Terre Haute and Lawrenceville, respectively. 


Ww A summary of cost estimates of remedial measures from table 
~1 follows: 
UB Ser sara tay ite vers vhs hare paral) tiiarebtcele ate da Abs teakose babe 


Treatment Capital cost | Annual charges 

Existing $1 
Rete Gee wi Sn eas cae eens de aeuar aatkene oe eekanddecesadae age seeee 6, 640, 000 $1, 600, 000 
Sask, > i a aa i i a ala 14, 520, 000 1, 655, 000 
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Estimated additional costs over existing charges of programs in- 
volving uniform treatment throughout the basin are: 


Treatment Capital cost | Annual charges 
PPHTIe Pe THRCOS.. . = een e  Jon nee ey dee cebee ee aw Seds em kak lod $11, 050, 000 $1, 285, 000 
PBCOMUOLY, Bil PINCHES? © Ja ciin conn sawn pak ban toaee UE ee en oan cecc menue 15, 720, 000 1, 815, 000 


Taste W-1.—Wabash River Basin: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industrial wastes, with comparative 
costs for primary and secondary treatment 


ween of Annual charges 
Popula- | Capital 
Hen invest- . {Operation 
Pri- |Second-| to sewers} ent Ammortlsge and Total 
mary | ary dibtaont main- 
tenance 

- Existing sewage treatment__-_-. 10 74 | 822,000 |$16, 640,000. | $1,020,000 | $580,000 |$1, 600, 000 
Suggested minimum correc- 

Sewage-treatment plants___ 30 132 | 292,600 | 8,870,000 625,000 | 875,000 | 1,000, 000 

Required intercpptoys_.._.-|--.2--.-|---=----|--s5--s<-5 3, 960, 000 Se oe 185, 000 
Independent industrial 

Waare Comection ais | 250s ol oo che oe 1, 690, 000 220,000 | 250, 000 470, 000 

MGC aot SCRE ica Mies tr ie ies ne ee ee 14, 520,000 } 1,030,000 | 625,000 | 1, 655, 000 

Comparative cost: 

imary treatment, all 

VT RES SORE RAS Seen ee CAN! ese oh OT i ene Gia 11, 050, 000 785,000 | 500,000 | 1, 285, 000 
Secondary treatment, all 

PWEREG se te saree ds tes eee rey OS Pie le 2 15, 720,000 | 1,115,000 | 700,000 | 1,815,000 

PAI RUREONURU Sse eos J acaL sored espee rae Can dtast ce 14, 520,000 | 1,030,000 | 625,000 | 1, 655, 000 

DESCRIPTION 


The Wabash River drains 33,100 square miles in Illinois, Indiana, 
and Ohio. Almost three-quarters of the area is in Indiana, about 
one-quarter in Illinois, and less than 1 percent in Ohio. The northern 
and central parts of the area are flat or gently rolling but in the 
southern portion the land is quite hilly. The principal tributaries 
of the Wabash are: 


Distance Distance 
: Drainage area Drainage area 
Tributary above pont square miles Tributary above mouth square miles 

Little Wabash River_ 15 8, 380 || Sugar Creek___.------ 245 840 
Patoka River_.._..._- 95 850 |} Vermillion River----- 257 1, 520 
White River.......__- 96 11, 290 |} Wildcat Creek___-_-_- 317 800 
East Fork-_------- 147 5, 680 || Tippecanoe River- --- 322 1, 920 
West Fork.....--. 147 5, 430 || Eel River.......---.- 354 850 
Embarrass River_._.- 122 2,350 || Mississinewa River -- 375 890 


The following tabulation of the population of some of the larger 
_ cities and of the entire basin shows the steady growth of most of the 
cities and the slow decrease in rural population until 1930, During 
the past 10 years the urban growth has been much slower and rur 
population has increased. 
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Populations 
1910 1920 1930 1940 
Larger cities: 
dridishepolis,) Ini hist 92 Ge sa sk ne 238, 560 314, 194 364, 161 386, 972 
phemrd Pate, 10.88. Bo oN ed Ae 58, 157 66, 083 62, 810 62, 693 
Muncie, Ind_-_._-- 3 ees 7 et neg ols At ay ae 24, 005 36, 524 46, 548 49, 720 
INICT SON, ATG cee No nn 5 aaa male uae ee te 22, 476 29, 767 89, 804 41, 57: 
Ohampaion-Urbansa, Dot 22: fs 2 See eek ee 20, 666 26, 117 33, 408 37, 366 
Danwitle, Mali 2c th3, Joakls. ed ie A LY 27, 871 33, 776 36, 765 36, 919 
KROROWIO, INGE ohn =f onpn edtin 0d cee wen tober ed 17, 010 30, 067 32, 843 33, 795 
i GLE ENT a lp leg a efi opty BE (i tse nee 20, 081 22, 486 26, 240 28, 798 
IM arionghn tis sxeesek colso est tee ee 19, 359 23, 747 24, 496 26, 767 
BiGominston, THO ot. e we ees ane ee eS 8, 838 11, 595 18, 227 20, 870 
TosemapOrts Aide Al sl. 7 a 19, 050 21, 626 18, 508 20, 177 
VAT GRIRTIGR NOs ccs Ron tert sh morte + d= oe oe oe 14, 895 17, 160 17, 564 18, 228 
PSF ge Gail Fob 1: baa elles Sal piped ya Net a tara eee 9, 446 14, 458 14, 027 16, 620 
Matton Merci} ct i. ja oi gisr aypeerei ds 11, 456 13, 552 14, 631 15, 827 
Entire basin: 

Baral. tS) bea Md te el ae ae ee 1,419, 832 | 1,311,126 | 1, 254,967 1, 310, 468 
WEEN ole nace kl dae ent ann De leee nem ometceae aS 811, 935 1, 006, 267 1, 117, 322 1, 198, 130 

Ls] | Se Ne, PM Sa ies a ENP 2 eyes See 2, 231, 767 | 2,317,393 | 2,372, 289 2, 508, 598 


The Wabash Basin is primarily an agricultural area and the prin- | 
cipal industries are engaged in processing agricultural products (can- 
neries, milk-processing plants, meat-packing plants, strawboard mills). 
There are an increasing number of machinery and metal products 
plants in the northern half of the basin. Coal is mined in the western 
part of the area in both Indiana and Illinois but production has been 
decreasing for some time. There are active oil fields in southern 
Illinois and in southwestern Indiana. The limestone quarries in the 
neighborhood of Bedford, Ind., furnish most of the fine-grained 
building and ornamental limestone in the country. 

Water uses—The Wabash River and its tributaries are not navi- 
gable for boats and barges of the size commonly used on the Ohio 
and its navigable tributaries. There are four hydroelectric power 
developments in the basin with an aggregate capacity of about 
21,000 kilowatts. The two largest ones are on the Tippecanoe River, 
one near the mouth and the other a short distance above Monticello. 
The other developments, on the East Fork of White River at Williams 
and on the West Fork of White River at Noblesville, have capacities 
of about 3,200 and 500 kilowatts respectively. There are four known 
potential power sites, all of which would have small capacities totaling 
about 15,000 kilowatts. 

_ The natural lakes in the northern part of the basin are used exten- 
sively for recreation as are the artificial lakes, particularly those at 
the power dams on the Tippecanoe River. There has been little 
commercial recreational development along the streams although 
they are used by local residents for fishing and swimming. There is 
some commercial fishing along the Wabash below New Harmony. 


PRESENTATION oF Firtp Data 


Figure W-1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figures W-2a, W-2b, W-2c, 
and W-2d show similar data for four sections of the basin and, in 
addition, the location of water supply intakes from polluted streams 
and laboratory data on coliform organisms, dissolved oxygen, and 
biochemicai oxygen demand. The pollution loadings shown represent 
the total of all sewage and industrial wastes in given communities. 
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Public water supplies —Only 46 of the 275 public water supplies in 
the basin are taken from surface sources, but these serve more than 
750,000 of the 1,300,000 served by all of the supplies. The under- 
ground water is generally hard and often contains objectionable 
amounts of iron but is usually of good enough quality to make it 
cheaper to use than surface water. Underground water is not gen- 
erally available in large enough quantities to satisfy the needs of the 
larger cities. 

Thirty of the surface-water supplies serving 687,500 people are 
from streams subject to pollution. Table W—2 shows data on these 
supplies. The Indianapolis supply, taken largely from the West Fork 
of White River, has until recently been polluted by untreated sewage 
from Muncie, Anderson, Elwood and a number of smaller towns. 
The recently installed sewage treatment plants at the three larger 
cities should do much to improve the quality of the raw water at 
Indianapolis. Princeton, Ind., is being forced to abandon its surface 
water supply from Patoka River on account of gross pollution by 
oil-field brines and acid mine drainage. 


TaBLE W-2.—Wabash River Basin: Surface water supplies 


Con- 
Popula- | S#orP" 
State Source Mile: | Treat. ton tion, 
ment served million 
Supply gallons 
per day 
Supplies below community sewer outfalls 
Mount Carmel._..........| Ilinois._...| Wabash River_.......)| 95 | FD-..--. 200 . 00 
CANTON ete kts ao MOG he So ON sigceu hoc essed”, (keene pee eae 000 44 
Terre Hantes 25524-25222 GOag te Atos Se (0 fs peed ey Seles Perea 215 2g Ae 55, 800 00 
ria sn eet eS LY - Illinois....| Little Wabash River_- 43 Sa Meee 3, 400 - 20 
| STS aa ar aa SI MEE: fe aS RAR Cs (epee Ge eS 90 BDss2-- 2, 800 31 
Thy. £2 0 ape © Wane ae PORE a8) 853 Get 8 CRAGS SSS ES ee 148) * | PDs 322 4, 000 235 
iQTS WENGE oF tie ntvel twa DOE Ah fare Oud set eee 160 BD 2. 400 . 03 
Sn gham ss. os Ptay Soon es dgst ss Little Wabash River, 196 FR anak 5, 000 1.00 
impounded. 
BAe 0) a EN a a MO: cssace: Little Wabash (im- 226 1) ean = 16, 000 1. 50 
’ pounded), wells. 
MARCO ONY 2 = oi Soe Indiana-_..| Patoka River--...---- by Gog ba oye coeere 7, 700 - 90 
WarBIOW sts 5s et rac poem ral Pee figs otse 4 eae 144 fol B aap 1, 100 .07 
PrearelbOni has 25 25 - Raet Ml ae do_......| White River.._.....-- 113 None... 300 -O1 
Peters Vue ses! 5 See Tene G0. .dzae eases AD sees th ee 143 BD .--" 3, 000 44 
Beatoratiis ss) sete hes AS outs 7°. East Fork White River- 241 Faiz 13, 000 1.00 
MOTCHON Ss cto Se La (er aed OE ae (i SE ea 250 ED 2. 2 2, 400 . 20 
PeIBOUL ieee ss oon ct Oe diages dl ea dee pee Ha ib ti te 315 i page 8, 000 . 82 
Colmes. Sipe. i: 34223 G04. 223 wees eee oe Soe 338 ROL 6, 000 2. 20 
WCE (ame BSS Git. = Lost River. - 3.2223 215 gh Pee 2, 400: 24 
AU eee ieee Oe Cee: tee dork. Muscatatuck River- -- 805 PD: s>.2 1, 500 2. 00: 
POEL: Vernon y= 2- 223. Sled Godt tN oat Fork Vernon 340 BD i553 3, 200 . 51 
ork. 
Washington 5 sscc2scst o cis do_......| Wells, West Fork 161 FDA 8, 800 1.00 
White River. : 
Indianapolis_._.-2........|_.- do.......| West Fork White 340 FD 3__..| 375,000 33. 00 
ead Fall Creek, 
wells. 
Anderson. 3222. os Ache. [ie aa Wee Fork White 390 | FD-.--- 38, 000 4. 80: 
er. 
Winetes =) 32. see aA (Cotes 8 West Fork White 412 1g 3 pee 43, 000 3. 80 
River, wells 
Pendleton Reformatory_._|_..do___.__- Heal Oreek. -- aoc ast 367 Pay. o-3- 2, 000 . 60: 
Newton... Ilinois._..| Embarrass River------ 1888 || FD. -- , 300 24 
Charleston_. eens ay WAL A eee 1 (ote Se ed a oy! 235 yg) ee 8, 000 1.70 
PIRIOMIO ut = asc gS aeecu lens (eS ee North Fork Vermil- 278 ‘is © eae 32, 000 4.34 
lion River. 
hdgansport sic ei Indiana-_-.} Eel River__.....------ 355 ED s2 19, 000 3. 25 
Montpelier -a.2.0 £152 cf ee Salamonie River. --.-- 437.5 | FD-.---. 1, 200 .07 
Total: 
Glow Go Wer-Olltialiss. steerage Ooh Sec ea Lae Sct ce 687, 500 72, 02° 
Te-otherstinface anoles: b-sia cli dail. seeded cc eens ec ace eed 65, 100 5, 37° 
DLL SUPMaCG: SWART: SULD DIIGR St eo Sees asus ek don dre eos a piewe we ausGass 


1 Miles above mouth of Wabash River. 
2 F=coagulated, settled, filtered: L=lime-soda softened; D =chlorinated. 
42 filter plants, one with slow sand filters. 
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Sewerage.—Table W-3 shows the sewered population at some of 
the larger sources of pollution. About 73 percent of the sewered 
opulation of 1,119,700 is served by the 85 treatment plants in the 
ES Secondary treatment predominates: The sewage from only 
39,100 receives primary treatment, while that from 782,900 receives 
secondary treatment. 


Taste W-3.—Wabash River Basin: Sources of pollution, including industrial 
wastes, expressed as sewered population equivalent (biochemical ory gen demand) 


Municipality State 


ndiana_|--.-- d 
d 


Receiving stream 


gett 

ye br apap cnied piel 

Shelbyville__....._.]_-- do_...| Blue River, Lewis 
Carthage: 2.502.222 ' _do_....| Blue River site 
Knightstown__._-._|_-- rR eee We ee QD. eee te 
Martinsville West Fork White 


Indianapolis 
Noblesville......._.]--- d 


Danvil6so eect HA: o_...| Vermillion River______ 
North Manchester_| Indiana_| Eel River-_------------ 
South Whiiley_----|_-. donsciiiwire 0 Sed Bosak 
MUONS astoncetetene do__..| Mississinewa River___ 
Sols: 15 ere a i EE) (tea: “ VeRane eae. aera 
Portland cs 02s22 221s do____| Salamonie River-_____ 
Mattoon 1..<-... =. Tllinois__| Little Wabash River- 
Kickapoo Creek- 
Riley Creek 
Huntingburg__.___- Indiana_| Hunley CreeK-----.___ 
Us orn edie ® Spies, Saat eae do__..| Patoka River-----.__. 
French Lick-West |...do..._| Lost River_--------..- 
Baden. 
Wears. 2525. c2he tse 8 do__..| Leatherwood Creek___ 
Us tiin—r 5 do__..| Ditch te Muscatatuck 
River. 
Scottsburg ?._......]_-- do_...| Stucker Fork---- -__- 
Brownstown_......|.--do___.| Ditch to East Fork 
White River. 
Wreadluriin= 832055 1h do..-.| Conns Creek_.-----..2 
i ee Sere are do__..| Six Mile Creck-----.__ 
Mrenalin: 2558. secc.t-5 2 do, = 37 Youngs Creeks -2- 2... 
Washington....__._]_-. do._..}| Hawkins Creek. ----_- 
Pasiny ite: 8s do__..| Smothers Creek----._. 
Greenwood---___-_-|--- do___.| Pleasant Run_------_. 
ino: es rl FR G0.....:.|. Cicero: Creeia-=-<--.-- 
Elwood 3_....-.-..-|_-. Gos...) Duck, Oreek.2-22-----. 
Aloxandria_-..-..._]-.._ do... -| Pipe Creek. -s-3.~--25.2 
obinson ?#__-----_. Illinois..} Sugar Creek - --------- 
Pteictinin< 26 Indiana.| Ditch to Sugar Creek __ 
hampaign......_. Ulinois..| West Branch Salt 
Fork. 
Mud Pine CreeK---___ 
Indian Creek -------.. 
Swamp Creek_-----._- 
Wildeat Creek -----_- 
Mill Creek_.-------... 


1 Part of sewage treated. 
2 Plant not in operation at time of laboratory survey. 


Sewered po ula- 
Popula- tion equivalent 
‘tom (biochemical oxy- 
connect- Treatment | %¢2 demand) ¢ 
aowers Untreat-| _Dis- 
ed charged 
6,000) None__.__-- 65,000, 65,000 
14, 500) ----- dot 168, 400} 168, 400 
26, 378, 400} 373, 400 
8, 500 8, 500 
2 5, 500 5, 500 
13, 000! ----- desios 13,000} 13,000 
26, 000}-.-.- do. x22 32,400} 32,400 
16, 900}----- de2-<. 19, 700 19, 700 
6, 500) .---- A0saast 19,500} 19, 500 
6, 000) .---- do. _2 16,400} 16,400 
9, 000} - . .-- 0. ee 32,600! 32, 600 
2,000} Secondary_| 17,000} 15,300 
7,000} None--.--- 40,400} 40,400 
300) 222) Q6s. == 92, 92, 800 
1, 700|--.-- O930.1 4,000} 4,000 
8, 200} 22 dos. 2: 8, 700 8, 700 
370,000} Secondary-| 706,600) 179, 600 
3,900] None------ 4, 000 4,000 
37,500] Secondary.| 45, 500 4, 600 
40, 000} - - - -- Oisace 46,000} 10,700 
2,000) None- ----- 15,000} 15,000 
28,000} Chemical._} 34, 200 9, 800 
3, 100} None---.-- 3, 900) 3, 900 
900} ----- cs Rangers 5, 400 5, 400 
19,500) Secondary_| 53,000 5, 300 
3,000! None-_----- 4, 800 4, 800 
5, 300]. --- veges 5,400} 5, 400 
14,500} Secondary_} 17,300) 10,800 
3,000) None_-_-.- 3, 700 3, 700 
4, 000}----- (1 tact 4, 000 4, 000 
22001. =33 Osea 13, 200; 18, 200 
11, 300|-.--- dO. 11,300} 11,300 
800} = 2-22 doo 3222 100, 300} +100, 300 
2,000! Primary_--| 45,000} 44,300 - 
300} None-~.---- 23,100) 238, 100 
See Oe baie aeons 8, 600) 8, 600 
400} None_-__-- 18,700} 18,700 
4,000) Secondary.| 41,000! 16,700 
6, 500] None--.--- 12,700} 12,700 
Ee eee oe ee 33,000} 33,000 
1, 500} None_--_-- 19,500) 19, 500 
4,000) Secondary_} 18,500) 10,600 
8, 500} - .--- fs oe 61,300} 11,700 
3,400] None. _..-- 25,900} 25, 900 
3,000] Secondary- 7, 000 , 500 
200} None-_----- 7, 700) 7, 700 
43,000) Secondary- 43, 000 4, 400 
1, 200} None--..-- 5, 300 5, 300 
hos erate yer Let smo doz is: 6, 000) 6, 000 
at esl eeecueeeoe ae 7, 500) 7, 500 
31,500) Secondary.| 32, 800 6, 000 
3,000! Primary - -- 9, 500 6, 300 
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Taste W-3.—Wabash River Basin: Sources of pollution, including industrial 
wastes, expressed as sewered population equivalent (biochemical oxygen de- 
mand)—Continued 


Sewered popula- 


Miles tion equivalent 


above int woes (biochemical oxy- 
Municipality State Receiving stream ecm te connect-| Treatment | %°2 demand) 
Wabash ents 

River Untreat-| Dis- 
ed charged _ 
WATSON i! Indiana | Walnut Creek____---- 442 5, 900) None_-_._-. 7, 400} 7,400 
Columbia City__._-|... G62 ¢) Bine River. 2S iu 426 4, 000]-_--- cet pee aa: 8, 500) 8, 500 
Fowlerton__...---.|--.do.._.| Ditech to Barren Creek. 5) pees fees Me, See See 12,000} 12,000 
MAD UUHOL SUULCON.-2 2] 42cuL usta, aoeuee Et santa sane ae Yoeeee oe WRHIDO| a ee cS 446,800) 211, 100 

Total: 4 % 

Liar Ep ee RRS S32 te Ae eee a ogahes eS St See 1645000! oc. eeske4 253, 500} 133, 700 
Minti ir isl: 2h Ree Side SRC Scgeee 4 OB Seen Ota ae e O40 OO) fe Aone 2, 608, 500) 1, 681, 800 
ale haere 0 pip meses eam = tape papa scieape ym Sa appa Te ay mt gegen ay sy 2 eae megs 29, 700 3, 400 
ESO SEO tees Ra A RAS Bik a i i lt a 2, 891, 700| 1, 818, 900 


Industrial wastes.—This type of pollution exceeds that from domes- 
tic sewage. Two hundred and fifty industrial plants, not connected 
to municipal treatment plants, discharge wastes with a sewered popu- 
lation equivalent of 1,224,500. About half of these plants are can- 
neries. The canneries and the 12 paper plants (predominantly 
straw-board or straw-paper plants) account for about 80 percent of 
the industrial waste load not discharged to municipal treatment 
plants. Table W-4 summarizes data on industrial wastes by type 
of industry. Most of the industries make some attempt to reduce 
pollution but in the majority of instances additional treatment or 
recovery is needed. 


Taste W-4.—Wabash River Basin: Summary of industrial wastes not discharging 
"e municipal treatment plants, with total of entire industrial waste load in the 
asin 


Industrial waste | Estimated 


disposal Atleast | sewered 
Number minor | population 
Industry of plants corrective! equivalent 


Munic- : measures| biochem- 
ipal gah taken |icaloxygen 
sewers demand 


Waste unconnected municipal treatment. --- 250 81 169 217 1, 224, 500 
Waste discharged to municipal treatment - ooo -- sss sss ks Sse ce nies sch aase 547, 500 
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No differentiation has been made in the tables, maps, or charts 
between wastes which are discharged only seasonally and those 
which are discharged throughout the year. The pollution loadings 
shown represent conditions at the time of maximum seasonal opera- 
tions. In the case of the canning industry this may occur only 
during a few weeks in the year but these few weeks are often during 
the late summer when the effects of organic pollution on the oxygen 
balarice of the streams are most serious. 

Acid mine drainage.—Mine waste has caused the greatest damage 
in the area drained by Patoka River. Prior to the inauguration of 
the mine-sealing program, about 110,000 tons of acid were discharged | 
throughout the basin each year. The mine-sealing program has re- 
duced this to about 63,000 tons per year. 

Many of the mines in this area are strip mines. These have been 
sealed by damming the drainage outlet and flooding the acid-produc- 
ing strata. A number of the lakes thus formed have been success- 
fully stocked with fish and add to the recreational resources of the 
area. 

Oil fields—Wastes from oil fields do not at present cause a major 
pollution problem. Production in the older fields in both Illinois and 
Indiana is so small that even with relatively high brine-oil ratios the 

rine causes no particular problem in the larger streams. New 
activity in the old fields in Indiana has seriously affected the Patoka 

iver and Princeton, Ind., is being forced to abandon its water 
supply from that stream. The new fields in both States have been 
developed since 1937 and new drilling is going on continuously. 
Most of the production is in the area drained by the Little Wabash 

iver but there is considerable activity in fields near the Wabash 
and drained directly by it or by small tributaries. Brine production 
1S small at present and none of the water supplies from the Little 
Wabash has as yet been damaged. The State Health Department 
of Illinois is taking steps to prevent the development of a serions 
problem. Where brine production is small, ponding with subsequent 
release during high water is practiced. Where there are appreciable 
quantities of brine it is being reinjected into subsurface formations 
Which are unsuitable for use as sources of potable water. 


PRESENTATION OF LABporaToRY Data 


Laboratory results indicate that the major pollution problem in the 

asin is in the stretch of about 60 miles of the Wabash below Terre 
Haute. Poor sanitary conditions were also’observed along the upper 
Wabash from Fort Recovery to below Bluffton, along the White River 

elow Indianapolis, and along the Muscatatuck River. More or less 
localized pollution problems were found at Hartford City, Portland, 
Gas City, Columbia City, Warsaw, Kokomo, Frankfort, Rantoul, 
Danville, Mattoon, Flora, Albion, Muncie, Elwood, Franklin, and 
West Baden, with the worst conditions below Warsaw, Portland, 
Muncie, Hartford City, and West Baden. In general, the White 
River was found to be more heavily polluted than the Wabash but 
natural purification was more rapid along the White than along the 
Wabash. 

Summaries of laboratory results are shown in table W-7 (p.740). 
Selected data appear in table W-5. The observations in this basin 


va 
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were carried out by mobile laboratory units during the period July— 
November 1940, and during February 1941. From 1 to 12 samples 
were collected at each sampling point. Figures W-3, W-4, and W-5 
show graphically the coliform, dissolved oxygen, and oxygen demand 
results, respectively. The data thus shown represent the average of 
all samples where observations were made for a period of less than 1 
month. Where observations extended over several months the re- 
sults shown are the most unfavorable monthly averages. 


TasLe W-5.—Wabash River Basin: Selected Laboratory data 


River ai: 22 sabes see tee Wabash | Wabash | Wabash | Wabash | Wabash | Wabash | Wabash 
LOCAMOU 2 cdoseckesqsadeschoe. Above Below Above Below | Above Below | Above 
Fort Re-| Fort Re-| Logans- | Logans- | Lafay- Lafay- Terre 
covery, | covery, port port ette ette Haute 
Ohio Ohio 
ae ag above mouth of 479 478 357 354 313.5 303 215 
abash. 
PURINA: 31503228. li August | August | Septem- | Septem- | October | October Septem- 
om Tr tT 
October | October October 
Number of samples. ---.------- 1 3 5 5 4 4 5 
Flow in cubic fect per second: ; 
Sampling days--......-.---- | (!) 185 340 1,118 1, 144 1, 224 
Minima rons p425e8 sathel 2s. ots jasccecwoy.lebeskac- ae 203 Biel gatcese ns 70 
Water temperature, ° C___-..._- 23. 5 23.0 14.1 15.4 15.8 15.3 16.3 
Coliforms per milliliter__....-_- 21 20, 000 37 354 128 1, 330 60 
Dissolved oxygen, parts. per 

IIOP est oe 5.1 0.2 10.5 9.3 9.7 7.7 8.3 
Biochemical oxygen demand, 

5-day, parts per million. --_-._- 3.2 17.4 1) 3.9 4.2 3.3 2.3 
12), ) ge ee ee ee ae Wabash | Wabash | Wabash | Wabash | Wabash | Wabash | Wabash 
1 att) s Oe eee eee Re 2 Above | Below | Above | Below | Above | Below At 

Terre Terre Vin- Vin- Mount | Mount | mouth 
Haute Haute cennes cennes | Carmel] | Carmel 
ae sutton above mouth of 210 199 152 126 97 93 0.5 
abash. ’ 
Perigdy- 1940245 2 oe Septem- | Septem- | Septem- | Septem- | Septem- | Septem- | Septem- 
ber- r- r ber r ber ber 
October | October 
Number of samples_-.--------- 5 a 2B 4 4 4 4 4 
Flow in cubic feet per second: 
Sampling days------------- 1, 220 1, 230 1, 600 1, 600 1, 680 2, 680 3, 000 
Miniindm anomie “tetecui lise cis [lskeies.< d, S087 su2--50—25)¢-Fas sees 2 8300S eo eyes 
Water temperature, ° C__-.-._-- 15.3 16.8 22.0 22.1 by 22.7 22.4 
Coliforms per milliliter_-_----.-- 34, 000 2, 400 5 2, 160 19 130 2 
Dissolved oxygen, parts per 

RPI OE 2 ot ees Ue oe 3.6 2.6 8.4 7.0 8.2 7.6 8.4 
Biochemical oxygen demand, 

5-day, parts per million_----- 2/1 5.4 4.5 7.0 4.9 4.7 2.5 
1 Ae Rides ae ene Me, Sn ee aN Sala- Sala- Little Thorn Thorn | Walnut | Walnut 

monie monie oan Creek Creek Creek Creek 
ree 
1 PTE: Ci (1 HS a aa a Above Below Below Above Below Above Below 
Portland | Portland | Hartford | Colum- | Colum- | Warsaw | Warsaw 
City bia City | bia City 
ee es above mouth of 466 462 437 427 425 444 443 
Wabash. 
17 Sale oA OE eee ees oP ee August | August | August-| July- July- July- Tuly- 
Septem- | August | August | August | August 
r 
Number of samples_--_-------- 3 3 3 3 3 3 3 
Flow in cubic feet per second: 

Sampling days. .--.--.-------- () 4 1 7 7 2 5 
Water temperature, ° C___--.-.- 22.5 22.3 22.8 27 22.8 26. 5 24.3 
Coliforms per milliliter._._-.--- 46 67, 300 16, 600 691 46, 200 26 283, 000 
Dissolved oxygen, parts per 

107k UGE ey 5 Seeger ebay ghee eer eR aie am 6.2 0 0 4.7 -5 11.4 0 
Biochemical oxygen demand, 

5-day, parts per million. _-_--- 2.3 9.8 29. 6 2,7 41.9 1.9 45.2 


1 Less than 1. 
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TaBLeE W-5.—Wabash River Basin: Selected Laboratory data—Continued 


PRIRGP Sac ee Wildcat | Wildcat | Prairie | Salt Fork! Salt Fork] Vermil- | Vermil- 
Creek Creek Creek lion lion 
EOQKON Socoteccad eS eetee Above Below Below Above Below Above Below 
Kokomo | Kokomo gg Rantoul | Rantoul | Danville] Danville 
ort 
River miles above mouth of 373 371 349 339 338 277 273 
Wabash. 
Period, 1040.2 sec gre July July October |. July- July- July- July- 
August | August | August | August 
Number of samples.____...---- 3 3 3 3 3 3 3 
Flow in cubic feet per second: 
Sampling days__.........-- 7 9 3 (1) 2 50 32 
Minimum siontht. 25.07. ~ | of 320s: che eiigeet = x) ee as | os cee i ed tee a ce | ee oe 12.8 
Water temperature, ° C_______. 23.0 23.8 14.8 23.3 23.6 31.3 28.8 
Coliforms per milliliter. _...___- 14 4, 680 88, 100 148 2, 340 18 39, 400 
Dissolved oxygen parts per 
i) ERO Rabe Reg eae ae ete 4.3 1.0 2.4 7.6 2.3 W27 27 
Biochemical oxygen demand, : ; 
5-day, parts per million. ..__.- 4.6 3.9 22. 2 1.4 12.5 2.1 13.4 


iver 6 2 hie Ok SH thin) Kickapoo| West West West West Duck Youngs 
Cree Fork- Fork- Fork- Fork- Creek Creek 
White White White White 
Diektion?: 2 aS ht ‘Below Above Below Above Below Below Below 


Mattoon | Muncie |} Muncie } Indian- | Indian- | Elwood | Franklin 
apolis apolis 


oe nae above mouth of 244 412 405 349 325 882 364 
abash. 
Period, 1040.i St see A August | August- | August- | Septem- | Septem- | August- | Septem- 
Ko 2 a Septem- ber r Patent: r 
r r r 
Number of samples___-.------- 3 3 3 5 5 3 3 
Flow in cubic feet per second: 
Sampling days. _---.-.-.-.- 1 8 9 69 126 3 2 
Mainimumimonth .- 5.2) See Bei0 2 see ge A es ae BS. 0) eh eee ery 
Water temperature, ° C_______- 22.8 22.7 20.0 18.7 25.8 19.8 17.0 
Coliforms per milliliter________- 30, 000 55 | 673, 000 18 23, 200 96, 000 28, 300 
issolved oxygen parts per 
0 Bye Se a ey fa aera a 4 8.7 0 8.7 2.9 8 i2 
Biochemical oxygen demand, 
5-day, parts per million_____- 25.0 2.5 41.2 5.7 9.1 40.3 U3 
Weve tise sat ger hy Aico ns «eee Muscata-| Muscata-| Lost Lost |Seminary| Butler 
tuck uck Creek Creek 
Ranelagh ae ee ee Below Above Above Below Below Below 


Vernon | mouth West West Flora Albion 


ni or | ae | Dae | Daten : 
ver miles above mouth of Wabash-.----- 21 120 81 
Perio. 1040 622s ce ee eet October | October | October | October | August- | August- 
Septem- | Septem- 
ber r 
Sto ae ERE TROND peg.” cere Seer Se en ; 
Number ofsamples._|_»..-.2--2: -2.22--=- 3 6 3 3 3 3 
Flow in cubic feet per second: Sampling , 
ates? 4 bs i) tore) - Cae 5 6 7 (4) (4) 
Water temperature. ° C___.-..------------ 12.8 15.3 13.7 15.0 19.5 19.0 
Coliforms per milliliter....-.....---------- 720 1 7| 12, 500 8, 230 3, 070 
bah oxyeen age per pies are - 0 ye 5.8 0 - 5 
chemi y eman arts 
See Tr Ea aaa acer Oia 186. 0 4.4 1.5 10.0 15.0 18.0 
1 Less than 1. 


Stream flows were generally among the lowest of record during 
the period covered by this survey. Im many instances, on the smaller 
streams, zero discharges made observations above towns impossible 
and minimum stages made general sample collections somewhat 
difficult. : : 

Average coliform densities in excess of 400 per milliliter were ob- 
Served in the Wabash for nearly 60 miles below Terre Haute in Novy- 
ember 1940. Oxygen demands in excess of 12 parts per million 
and dissolved oxygen concentrations of less than 3 parts per million 
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were observed below the city. Reductions in oxygen demand ap- 
peared to be relatively rapid during the summer months but somewhat 
slower during cooler weather. 

Coliform results on the Wabash showed slightly worse pollution 
than did the oxygen demand results but, in the main, were in close 
agreement as to the location of poor sanitary conditions. Little, if 
any, correlation appeared to exist between the dissolved oxygen re- 
sults and the other observations, except in a few grossly polluted areas. 
This may have been due to photosynthesis or to low water tempera- 
tures. Considerable natural purification appears to have been 
effected. at fairly rapid rates below sources of pollution. 

A few acid stream samples were taken in the Patoka River area 
along the South Fork ditch and in the vicinity of Patoka. pH values 
ranged from 3.4 to 4.7 and phenolphthalein acidities of over 500 parts 
per million were found. 

At its mouth the Wabash River was found to be in good sanitary 
condition. 

Biological summary.—The plankton population of the Wabash and 
the larger tributaries is the highest in the entire Ohio Basin—the total 
volumes often reaching 12,000 to 14,000 parts per million and in a 
few cases as high as 75,000 parts per million. These high values are 
due to the increase in the available plant food as a result of the de- 
composition of the sewage from the heavily populated centers. The 
fentiy of the stream is also reflected in the large mixed fish popu- 
ation. 


Hyprometric Data 


Forty-eight stream-gaging stations have been maintained in the: 
basin for various periods and 35 stations are currently in operation. 
Table W-6 shows mean monthly flows at 24 of these stations during 
some of the driest summers of record. 


Taste W-6.—Wabash River Basin: Monthly mean summer flows for years im 
which lowest summer flows have occurred 


WIV OP sede ca~ sen cnd-ageswel= Wabash | Wabash | Wabash | Wabash | Wabash } Missis- Eel 
sinewa 
TOHOHON. wasn fd leoeeeny- Bluffton, | Wabash, | Logans- | Terre | Mount | Marion, | North 
Ind. Ind. port, Haute, | Carmel, Ind. Man- 
Ind. Ind. Ill. chester, 
Ind 
River miles above— 
Confluence with Wabash-- 33 46 
Mouth of Wabash-.-_---..- 421.8 387.7 353.9 214.4 91.5 408 400 
Drainage area (square miles) .-- 470 1,670 3,760 12,200 28,600 740 429 
Period of record. _.._----------- 1923-40 | 1923-40 | 1903-06 | 1905-06 | 1928-40 | 1924-40 | 192440 
1923-40 1928-40 
yg Th pe es 2 ee es 1936 1940 1940 1936 1936 1940 1928 
June-cubic feet per second__ 23.9 856 1, 810 2, 960 5, 760 279 195 
i 1 ee ae Se Chere 39.0 164 511 970 3, 220 56.3 229 
URE PMISE Cites Sone do!..- 9. 09 57.1 241 1, 240 2, 330 25.0 61.8 
September...--.----- ene 8. 63 44.0 203 2, 640 3, 810 21.0 37.9 
EN ae ER I AI pee ee 1935 1932 1939 1940 1940 1928 1940 
June_cubic feet per second _- 78.5 363 1, 450 8, 154 15,115 | 1,170 299 
WMilyeo se 2 Sos C: Fee ees 327 1, 156 2, 444 ‘ 316 89.6 
oust eet Sone Goer 47.7 45.9 699 1, 183 2, 890 50. 5 44.4 
September---.-.----- dose 9. 03 291 233 1, 062 2, 450 24.8 | 50.6 
Year...------------+--+---+---- __ 1939 |__ 1934 | 1986 | 1984 | 1930 | 1936 | 1930 
June_cubic feet per second - - 172 128 595 1, 440 6, 050 65 87.9 
UTS Zyoin ere gone. 100 55.4 269 1, 380 4,110 32.6 45 
Assisi se! Scot doy =z 46. 4 207 374 3, 140 3280 ic: 387 130 
September--.--.------ (Os ee 9. 62 132 525 3, 450 3, 670 43.4 61.7 


—————— eee 
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Taste W-6.—Wabash River Basin: Monthly mean summer flows for years 
which lowest summer flows have occurred—Continued 


TRIES. sad ocetaat ace naw skins Tippe- | Vermil- | Embar- | Patoka | Little West West 
canoe « lion rass Wabash Fork Fork 
‘ White. | White 
PMORON 34 255~2-52—52c=~sennak Monti- | Danville,| Ste. Patoka, | Wilcox, | Muncie, | Ander- 
cello, Tl. Marie, Ind. Tl. Ind, son, Ind. 
Ind. Til. 
River miles above— 
Confluence with Wabash -- 28 19 53 12 119 316' 294 
Mouth of Wabash---------- 350 276 175 107 134 412 390 
Drainage area (square miles)_--} 1,740 1,280 1,540 843 1,130 259 412 
Périod of record... <_<..=.-v..< 1924-40 | 1915-21 | 1910-12 | 1935-40 | 1914-39 | 1924-29 | 1925-27 
(4) 1928-39 1914-39 1931-40 1932-40 
0 SR Se Bi PR Ba EE TR 1934 1920 1914 1936 1930 1940 1940 
June_cubic feet per second _- 303 Ad ee A ae 7.93 20.6 1 226 
jg (eae etc Andes eet ( aes 180 i hy |e te ee 18.9 9.75 16.7 51.3 
Wugiste.<i2. sess ea 489 GEee Wonca eres 3. 58 4, 26 4.8 §i1 
Séptaniher sos do... 1, 007 14.4 13.5 9. 90 372 3. 2 20.9 
Mopars oe: 2 tetera | tS 1940 1930 1922 1940 1936 1932 1936 
June_cubic feet per second-- 1, 027 165 364 146 19.0 109 76.6 
Th oe = es | See eS aS 429 67.9 15. 2br 71.4 30.0 30.9 37.9 
WiGUNe Soothe nae ado. 2 237 17.9 52.2 11.3 4.44 7.18 34.8 
September---.------- go-=. 240 35.7 26.3 24.4 7. 26 94.5 33.8 
2 a: TTS 2 RR oo aed 1936 1919 1930 1939 1922 1939 1934 
June-_cubic feet per second _- 624 576 155 571 100 92.8 93.4 
eee eee fe eee 246 130 80.3 223 121 53.6 50.5 
AtiBUSEe — 2b Se 88 Ce 298 43.8 27.9 318 12.4 27.9 37.3 
September-----.----- doa: 406 20.7 137 20.1 5. 37 9. 34 44.0 
Ti ee SD og KESRES ES EET West West Fall East East Flat Musca- 
Fork Fork Creek Fork Fork Rock tatuck 
White White White White Creek 
aenticn gu 4333 se. Nobles- | Indian- | Millers- | Seymour} Shoals, | St. Paul,| Austin, 
ville, apa, ville, Ind. Ind. Ind. Ind. 
i d. Ind. 
River miles above— 
Confluence with Wabash -- 274 236 247 218 107 275 212 
Mouth of Wabash_-------- 370 332 343 314 203 371 308 
Drainage area, square miles...-| 819 1,620 327 2,340 4,940 303 368 
Period of record.......-----.-.- 1924-40 | 1904-06 | 1925-26 | 1923-40 | 1903-05 1925, 1932-40 
1925-40 1930-40 1908-16 1931-40 
1923-40 
co hae eRe eee ees awe By 1940 1940 1940 1925 1911 1934 1936 
June.cubic feet per second _- 366 752 117 827 228 19.7 6. 93 
Tb, a ee se FREE 4 OGL. 104 160 36.8 867 117 13.1 3.37 
TAUBUStE. 5... $scun ay d6:12- 69. 5 71.1 19.7 282 95.8 6.75 1.48 
September--...------- doii& 58.7 58. 9 17.0 122} 1,640 200s See 
Weep e) Seo! te eee it 1936 1936 1936 1927 1936 1936 1940 
June_cubic feet per second - - 167 302 72. 2 826 696 29. 4 155 
8 iC eS wees A eee doves. 80.3 90.3 29.1 149 489 9. 28 14.6 
TIS USYS « — gab eencie do.2..> 65. 8 79. 4 19.6 157 265 14.6 2.1 
September:-._._.---- do.i <. 69.1 105 22.3 135 379 84.3 2.6 
i, SS < alan see ARREay Ade 1932 1939 1934 1936 1940 1940 1933 
June_cubic feet per second - - 380 651 42.2 448 | 2,079 208 47.6 
A iC agege St a do 190 683 38. 4 231 763 31.5 7.8 
August... d 89.2 413 25.1 169 373 12.2 23.7 
September 265 124 34.7 227 3il 9.8 42.6 


1 From 1924-31 the station was at Pulaski, 32 miles upstream, drainage area 1,110 square miles. None of 
the flows at this station were as low as those at Monticello from 1932-40. 


90035—44—pt. 2——38 


OHIO RIVER POLLUTION CONTROL 


736 


Fig.W-6 


‘avo-a3sn 
(aa¥30IsNo> YIBNILdIS -LSNONY=AING-3NNE AINO ) 
030339K3 YO AFIWNDZ JOYWHISIG] NV3WY AIHLNOW) WOWINIW Suv3A 4O LN32uag 


ool o6 8 608 OL 0S OS ov oe 02 ol ie) 


000 


8 


ee 
WBLIHM’Y4 Mm 


$3 NI 398VHOSIG NV3/) HLNOYY 


“JONI 661 OL 8Z6I 
‘ONI ‘S.LNVH SYyy3l lv Y3AIN HSVEVM 


i) “JONI 6C61 OL 826l 
“ONI “SINOdDYNVIGNI LW Y3AIN SLIHM “Wa M 


BJAYND ADN3NDSY3 MO73 MOT YBNWNS 
9-M 3YNDIS 


OHIO RIVER POLLUTION CONTROL 737 


Proposed stream. control—Five flood-control reservoir sites have 
been studied by the United States Engineer Department for construc- 
tion under the authorized program for Ohio River flood control. 
Data on these reservoirs are tabulated below: 


: Miles above 
Reservoir Stream mouth of 
Wabash River 
pet: V4.0) ons en ak Ee ee cere ky Raccoon Creek___....- 259 
OTT CCTOCK eer ree nee ee eb pean Gla pel caere Embarrass River___._. 190 
Sermon NAS =” tere toa rs os Ae ee i cee Soa hee Se il) Greeks: 33 2323e 285 
LC ES AE PEN OL SRE FECES ee tots 5 SO aE Pose West Fork White____- 
wen@niss =. 250 5L ies. coadocutancst cas aeebuenebonnc sae ccsonouee. East Fork White_.___- 208 


There are no large sources of pollution along the streams below the 
latter three of these reservoirs with the exception of Mount Carmel 
on the Wabash. Although there are no important sources of pollu- 
tion on Raccoon Creek, below the Mansfield Reservoir site, any 
additional flow made available by the reservoir by using a portion of 
the flood-control capacity for low-flow regulation after the end of the 
flood season would be of value for nition abatement at Terre 
Haute. Wastes from Lawrenceville are discharged to the Embarrass 
River below the Wolf Creek site and additional flow from the reser- 
voir would be of value at that point. The value to pollution abate- 
ment of low-flow regulation from these reservoirs would not be great 
enough to warrant provision of additional storage capacity expressly 
for this purpose. 


Discussion 


While commendable progress, in general, has been made in sewage 
treatment, untreated sewage from a number of cities and towns 
seriously affects the water supplies of downstream communities. The 

eaviest remaining pollution results from the discharge of untreated 
or inadequately treated industrial wastes. 

At Terre Haute, the largest source of pollution in the basin, in- 
dustrial waste’ have a population equivalent of more than 12 times 
the sewered population. At some of the other communities where 
arge canneries are located the ratio is even higher. A number of 
Sewage-treatment plants are successfully treating industrial waste 
ae that are considerably greater than the strictly domestic sewage 
oad. 

Wabash River.—The four largest cities without sewage treatment 
works (Terre Haute, Vincennes, La Fayette, and Logansport) are all on 
the Wabash River. The flow in the river at these and at other com- 
Munities on the main stream below Logansport is ample to permit the 
Satisfactory disposal of sewage and most industrial wastes with only 
Partial treatment. 
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The major part of the waste load at Terre Haute comes from straw- 
board plants and distilleries. Canneries, packing ‘houses, and a few 
other industries add to the industrial waste load. Although the 
city has a population of 62,000 only about 26,000 are served by the 
municipal sewerage system. Much of the industrial waste can be 
treated effectively at a municipal plant. Pretreatment at the in- 
dustrial plant before discharge to city sewers is indicated in a few 
cases. ‘The strawboard wastes here and also at Vincennes probably 
will require separate treatment. ; 

Secondary sewage treatment is indicated at Wabash, the only town 
of appreciable size on the Wabash River above Logansport not now 
having such facilities. 

East Fork of White River —Untreated sewage from a number of 
communities along the East Fork and its tributaries causes damage 
of more than local importance. The larger communities are Bedford, 
Columbus, Shelbyville, and Seymour. Secondary treatment is in- 
dicated at the first three. Primary treatment_should be sufficient at 
Seymour. Large amounts of untreated or inadequately treated in- 
dustrial wastes, principally from canneries and a strawboard [plant, 
contribute a much larger oxygen demand than the domestic sewage. 

Four public water supplies are taken from the East Fork (see 
table W-2) and the untreated water at all of these has been found 
occasionally to be rather heavily polluted, although at the time of 
the laboratory survey the bacterial counts were not unduly high. 
Evidence of the need for improved waste treatment in this area is 
shown by the epidemics of gastroenteritis, evidently water-borne, 
which occurred early in February 1940, in the towns using the East 
Fork as a source of public water supply. Seymour was particularly 
hard hit, about one-quarter of the people using the public supply 
being affected. Those not using the public supply were not affected 
nor did communities using other sources of supply experience any 
similar outbreaks. The epidemics occurred with a rise in the river 
following a continued period of low flow during which the stream 
was covered with ice. These factors all indicate that the probable 
cause of the disorders was undue pollution of the stream by sewage 
and industrial wastes at a time when natural purification processes 
were least rapid. 

Two large canneries, at Scottsburg and Austin, cause serious oxygen 
depletion of the Muscatatuck River for more than 25 miles. At the 
time of the laboratory survey the average dissolved oxygen content 
was found to be only 2.2 parts per million at the mouth of the stream 
and at other times the entire Muscatatuck River has been septic due 
to these wastes. The communities at which these canneries are 
located are small and the industrial wastes will need to be treated 
separately. Relatively complete treatment is indicated. 

West Fork of White River—At Indianapolis the sewage flow is 
approaching the design capacity of the treatment plant built in 1925. 
Expansion of some of the units is necessary if the plant is to produce 
a satisfactory effluent. A number of the existing interceptors flow 
almost full during dry weather and even light rains cause overflows 
of untreated wastes into Fall Creek and the West Fork with attend- 
ant nuisance conditions. Larger or additional interceptors are 
indicated. 
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The larger cities and industries above Indianapolis water supply 
intake on the West Fork have taken steps to abate pollution. Sewage 
from Noblesville, however, still enters the stream without treatment. 
The provision of at least primary treatment and chlorination is 
indicated for the further protection of Indianapolis’ water supply. 
Secondary treatment of sewage and industrial wastes at Alexandria 
is indicated. These wastes cause a serious local nuisance in Pipe 
Creek which enters the West Fork above Indianapolis. Complete 
treatment of sewage and cannery wastes at Pendleton and im- 
provements to the existing treatment plant at the Pendleton 
Reformatory are needed to protect the quality of Fall Creek which 
is also used by Indianapolis as a source of public water supply. 

Other sources of pollution.—Existing sewage-treatment plants at a 
number of cities need improvements or additions; among these are 
Danville, Ill., Sullivan, Franklin, Tipton, and Greencastle, Ind. The 
Majority of the communities now discharging untreated sewage are 
on small streams subject to extremely low flows. Secondary treat- 
ment is essential at these places to prevent local nuisances; Warsaw, 
Columbia City, Gas City, Huntingburg, Jasper, Portland, and 
Washington, Ind., are examples of such communities. 

A large part of the industrial waste load can be most easily and 
Satisfactorily handled at municipal treatment plants. Wastes from 
many of the canneries and some of the other industries will require 
Separate treatment. Small and moderate-sized canneries which 
Operate only seasonally can often dispose of their wastes without 
nuisance to lagoons or by broad irrigation if care is taken to prevent 
accidental discharges of wastes to the streams. Detailed study of 
Some plants will be necessary to determine the most practicable 
method of handling the wastes. Several sewage-treatment plants, 
notably those at Muncie, Crawfordsville, and New Castle, Ind., have 
experienced operating difficulties because of acid pickle liquors dis- 
charged to the municipal sewers by metal-processing plants. Either 
Separate treatment or pretreatment of such wastes at the industrial 
plant seems necessary to prevent interference of these wastes with 
treatment processes. 

Continuation of the work of the Illinois State Health Department 
On disposal of oil field wastes appears necessary. As the field becomes 
older and brine production increases, the water supplies taken from 
the Little Wabash River would be affected if present rigid methods of 

isposal were not continued. Resumption of the mine-sealing pro- 
gram is desirable, particularly in Indiana. 

Flow regulation by the proposed flood-control reservois on Raccoon 
Creek and the Embarrass River could be of value in abating pollution 
at Terre Haute and Lawrenceville. In neither case would the value 
to pollution abatement be large enough to have any appreciable 
Influence on the economic justification of the project, nor would the 
Provision of additional storage capacity solely for the purpose of pollu- 
tion abatement be economically justified. 

Estimated costs of existing treatment and of the suggested pro- © 
gram of municipal and industrial waste treatment facilities are 
Summarized in table W-1. 
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CUMBERLAND RIVER BASIN 


SYLLABUS AND CoNCLUSIONS 


SYLLABUS 


The Cumberland River drains about 18,000 square miles in the 
States of Kentucky and Tennessee. The area is predominantly rural 
with a scattering of industries in the larger towns. One large city, 
Nashville, located on the main Cumberland River, contributes 55 per- 
cent of the total pollution load. An increasing number of water sup- 
plies is being taken from surface sources because of the inadequacy and 
undesirable characteristics of certain ground-water sources. About 
one-third of the domestic sewage is treated, which reflects some prog- 
ress toward pollution abatement. The installation of proven methods 
of treatment should permit more extensive use of the stream for recrea- 
tion and water supply. Wolf Creek Reservoir, now under construc- 
tion, will benefit the main Cumberland River and reduce the treatment 
requirements at Nashville. 


CONCLUSIONS 


(1) Nearly twice as many communities are served by ground water 
as by surface supplies although the actual population served by the 
latter exceeds the former. Ground-water supplies are limited and are 
not of the best chemical quality. As a consequence, many have been 
abandoned for surface-water supplies. In general, surface supplies 
are not seriously affected by pollution. 

(2) The sewered population of the basin is about 273,000 and the 
sewered-population equivalent of industrial wastes is 258,000. About 
one-third of the sewered communities have sewage-treatment facilities 
and about one-third of the waste-producing industries have taken at 
least minor steps to reduce the amount of pollution discharged. 
Existing treatment works reduce the total pollutional load by approxi- 
mately 13 percent. ' 

(3) Laboratory studies indicate the pollution problem to be acute 
below Nashville, Tenn., on the main stream, and below Princeton, 
_ Hopkinsville, Middlesboro and Corbin, Ky., on tributary streams. 
Tennessee State Health Department stream-sampling results have 
shown low dissolved oxygen below the following additional Tennes- 
i “cana ste cee Gallatin, Lebanon, Murfreesboro, Franklin, and 

ickson. 

(4) The major sources of pollution, both domestic and industrial, 
are at- Nashville on the main river. A few sections of tributary 
Streams are grossly polluted and create problems that are primarily 
of local concern. 
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(5) With the expected increase in low-water flow from the Wolf 
Creek Reservoir, now under construction, the sewage treatment 
required at Nashville will consist of sedimentation, to reduce scum 
and sludge deposits. The minimum tangible monetary benefit of this 
flow regulation, computed as equivalent to savings in treatment cost 
in the Nashville area, amounts to about $50,000 annually. In addi- 
tion, this increase in flow is desirable for aquatic life. 

(6) In view of the normal uses of the streams involved, refined 
treatment at certain sources of pollution would serve no purpose 
commensurate with the expenditure. In these instances, lesser treat- 
ment appears justified. A summary of cost estimates of remedial 
measures from table C-1 follows: 


| 


. Annual 

Treatment Capital cost charges 
rm nSe 8 gd ee ee ee ee  re e  ooa 2 e $1, 660, 000 $165, 000 
PP LeMNPCd RETEULONIME Sete eet) eee ee te te Sa SEAS TS Ree BL aes 7, 140, 000 565, 000 


Estimated additional costs, over existing charges, of programs involv- 
ing uniform treatment throughout the basin are— 


: : Annual 

Treatment Capital cost charges 
SePEUES Tet THE ORE eho ee ose Wa Mee eth,” NS A ee ALS Se ee Sai BE s $6, 750, 000 $515, 000 
pepnuidary. Ail places aj, LS scce* Sneek da seny teen west eggs dae de J 10, 160, 000 805, 000 


Taste C-1.—Cumberland River Basin: Estimated cost of existing and suggested 
minimum corrective measures for sewage and industriql wastes, with comparative 
costs for primary and secondary treatment 


Number of Annual charges 
ges 
plants Popu- 
Fuego 2 ation | Capital ra be aide | 
con- Fi 
invest- Opera- 
Pri- |- Sec- a ec ment Reese nh tion 
mary | ondary tteods ae and | Total 
\ mainte- 
interest mdiise 
Existing sewage treatment___.._._.___- 7. 10 | 64,300 |$1,660,000 {$105,000 $165,000 
Suggested minimum correction: 
Sewage-treatment plants......._.-- 13 18 | 172,000 /|$2, 330, 000 {$165,000 |$135, 000 /$300, 000 
Pea irod Unvercoptors.. ct JET eee 4, 540,000 | 215,000 }--------- 215, 000 
Independent industrial waste cor- 
TUCO Le oe ose Se eeeoe Lt ie As PER e en ee aes 270,000 | 35,000 | 15,000 | 50,000 
SRO Siti Mola ao ace os Pies oe en ER seed eee ee 7, 140, 000 | 415, 000 | 150,000 | 565, 000 
Comparative cost: 
Primary treatmont.all waste....3.: if 8_. ei oe 6, 750, 000 | 385,000 | 130,000 | 515, 000 
Secondary treatment all waste______}__._..__|_-...---]--------- 10, 160, 000 | 625,000 | 180,000 | 805, 000 
PS SURMOSEGG «or rds cP eSe ESS CCES IE aon cata e sbi e cckion ok 7, 140, 000 | 415,000 | 150,000 | 565, 000 
DESCRIPTION 


The Cumberland River Basin has a total drainage area of about 
18,000 square miles, of which 40 percent lies in Kentucky and 60 
percent in Tennessee. The Cumberland River, formed in southeast- 
ern Kentucky by the confluence of Poor and Clover Forks, flows 
westerly and southwesterly into Tennessee, then northwesterly across 
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Kentucky to its confluence with the Ohio River. The topography is 
mountainous to hilly in the upper reaches, gradually changing to a 
rolling terrain in the center of the basin, which continues as such to 
the mouth. 


Distance Pipiuece Distance eeranet 
_Major Tributaries above square Major Tributaries above | square 
: mouth iles mouth miles 
ee eo Sars See Br eiensataickient e stanton Sek Sieloeeey fA ‘Byer soar Sey, 
Tattle RIVOl yc uns oon lo daeeee 59 6827)" O Dey RIVerL- -- oe ebook 382 
med River. owe. a. 4 126 1,405 || Big South Fork River_-_-_---- 516 1, 370 
Harpeth River ---- 153 895 || Rockeastle River____-...----- 541 772 
Stone River. .._-.--..--- 206 O24: || Laurel River 252.6" --bo2-35 546 282 
Caney Fork River-...------.- 309 2, 620 
Populations 
1910 1920 1930 1940 
Larger cities: 
Nash villes) Denn =. 21 26882". oh eat es oat ee 110, 364 118, 342 153, £66 167, 402 
pple yilies DON i Sot as ak ao ee ok Se 8, 548 8, 110 9, 242 11, 831 
Middlesboro, Ky---------- Eee 7, 305 8, 041 10, 350 11,777 
MapkingwilanK 22s 9, 419 9, 696 10, 746 11, 724 
DATIPOCR ORE MOUs. pos ora to wedeier mee 4, 679 5, 367 7, 993 ‘9, 495 
Total basin: ; ; 
ere 8 On 2 Sout i ee oe te boa dee 156, 993 183, 516 245, 348 277, 724 
10 Ripa spegrpegsgeen sep ose i a fsa gaee o B p ps Ply re ah 701, 603 730, 492 758, 436 851, 278 
Total: oo 2) 2 oS beer ae 858, 596 914,008 | 1,003, 784 1, 129, 002 


Resources.—Natural resources of the basin consist of tillable land, 
forests, coal, zinc, fluorite, iron ore, phosphate rock, limestone, oil, 
sand, and gravel. There are large potential water-power develop- 
ments. 

Industries.—Agriculture and its allied branches, milk and meat 
products, are important industries. Lumbering and wood product 
plants are common and in the upper reaches of the basin extensive 
mining operations are carried on. There is some manufacturing of 
cement, rayon, paper, textiles, and shoes. Oil is refined at three 
small plants. 

Water uses.—Extensive use is made of the streams for recreational 
purposes, including fishing, bathing, and boating. The rivers and 
streams serve for the disposal of sewage and industrial waste. A 
series of low dams allows commercial navigation to move upstream 
about 330 miles from the mouth of the river. The use of surface water 
for domestic supplies is increasing. One hydroelectric reservoir on 
Caney Fork River has been built by private interests and is now a 
part of the system of the Tennessee Valley Authority. Three addi- 
tional reservoirs for flood control and power are now being constructed 
by the United States Engineer Department. 


PRESENTATION OF Fietp Data 


Figure C-2 shows graphically the main stream and tributaries, 
water-works intakes, dams, all major sources of pollution, their mag- 
nitude and reduction by present methods of treatment and other per- 
tinent information. Laboratory data, indicating the most unfavor- 
able pollution conditions, are shown graphically for certain sections 
of the main stream. 
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TasiE C—2.—Cumberland River Basin: Surface water supplies 


Treat. | Population | Hen mullite 
reat- | Population | tion million 
State Source Mile! ment 2 served gallons 
Supply per day 


Supplies below community sewer outfalls 


State Penitentiary_-____- Kentucky_| Cumberland River------ 43.6 | CD 1, 600 0. 23 
Bddyville-+-<2-22. ih 22 Cs (1 eed pee do FD 1, 100 49 
NOINMECR Villa = Se koe Tennessee_|-....do FD 9, 500 . 84 
State Penitentiary. _____|_-- ey aes Ae do CD3 2, 100 - 40 
INAS VOL econ Jat 2st be Eien, ot at do F 185, 000 18.90 
IMERCISOHE se conse lee CS 19 (yap ea ict do F 5, 400 -40 
‘Old: Hickory=:052.-22-2|--. 07 (nase MeN Ds do . FD 10, 500 1.05 
OT OMATAIN Sets 8 = te [if cee einen aE Se Goss i FD 4,000 Sie 
Teer) ca ome 1 el do , FD 5, 000 . 62 
Burkesville__ .| Kentucky-|--.-- do FD 700 - 02 
Williamsburg__......_-_|__- C0 te) FD 2, 000 wae 
State Home for Feeble | Tennessee_| Stone River FD 700 12 
inded. , 
wernside_- ._ Srey. - is Kentucky.| South Fork Cumber-} 516.1 D 800 -03 
land River. 
rariat se oc y Sef Goss fs Poor Forks -3-2eseee 669.7 | FD 7, 500 - 26 
Mumbperands. 2. =. 2.1.4 |25.00--3-s2l-5.22 D022 ae ee 690.3 | FD 2, 500 12 
Nit kee a 2d @0r 5235 lover: Pork. success see 678.6 | FD 1, 000 . 04 
Total: 
BGO WIsO WOR DUUIAMS.2c. ster alee occ kecann< nae ne ca oenee anew 239, 400 23. 80 
saiocher suriace Pup ples. LEAL e s32 3 sec uel eS el a need 51, 400 3. 88 
POM suTaCe WAUED SUDPiOS.45 4252-5 a02 =. bncoscedeceasoeaeeoSe ones eeeees 290, 800 27. 68 


1 Miles above mouth of Cumberland River. = 
2 F=Coagulated, settled, filtered; C= Coagulated, settled; D=Chlorinated. 
* Not used for drinking. 


Public water supplies —Of 92 public water supplies, serving 368,000 
persons, 16, indicated in table C—2, are from streams below community 
sewer outfalls. Of the remaining supplies, 60 percent are disinfected 
and many in addition have filtration. A number of ground water 
sources are inadequate or unsatisfactory, containing hydrogen sul- 
fide or undesirable minerals, or showing increases in turbidity and 
bacterial counts after rains. Below Nashville for 65 miles to Clarks- 
ville, no large towns use the Cumberland River as a source of supply. 

Sewerage.—Of 56 sewered communities in the basin, 7 have primary 
treatment and 10 secondary treatment. About 27 percent of the 
domestic sewage in the basin is treated in these 17 plants. Table C-3 
shows data on the larger sources of pollution including industrial 
wastes. 


TaBLe C-3.—Cumberland River Basin: Sources of significant neh pee including 
anluntra waste expressed as sewered population equivalent (biochemical oxygen 
emand) 


Sewered popu- 
lation equiva- 


Miles sig: oof lent (biochemi- 
above | ¢ on cal oxygen 
Municipality Stream mouth ne ete d Treatment demand) 
of Cum- ba 
berland aewers 
State Penitentiary, Ky_..| Cumberland River___.---- 43.7_| 1,600 | None___:....-s 
Clarksville, Tenn_..-..-.-|--.-- Get 25 EERO ITE 12658") (47; 100 e253 dois 
State Penitentiary, Tenn_|__.-- Gon3 Sh oat hd 182.4) 52,100' |ou25. Cid see 
NASH Vine, Lenir ~.2.-..--1-23-- OLDS pepmparney eh ered k sm ety ech ate 193.7 |117, 000 |_---- 6 (4 pet i 274 
Old Hickory, Tenn__.....}_..-.- ( ( Seesney dean pees eee 219.5 | 8,500 | Secondary-_-.-. 
PiNOVIG, Fey oa on eee a (1 ES Ta RR os ER BSB. 2) | ee 100 WIN ONOs fe -  oee 


Princeton, Wy sl. .2 222k Wddy ‘Greek iu 2 Lt 63 4,200 | Primary_-.--.- 


g£006-0 t- Odd 


3° 
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SEWERED POPULATION OR 
IN THOUSANDS 


50 


25 


°o 
EQUIVALENT (B.0.D.) 


10710000 


Oxygen p.p.m. 
> 
3 
Coliforms (M.P.N.) per/mi. 


OHIO RIVER 


¢ 
° 
° 
o 
= 
: a 
° —_ 
ae 9 
s Eddy 
a 
= 1S Little 
c > 
°o ~ 
v a] 
= a] 
ua WW 
F 
0.72 M.G.D. 
50 


\ Hopkinsville 


1.0 M.G.D. 


100 


November 


1940 


0.864 M.G.D. 


0.1 M.G6.D. 


>| 
wx] Springfield 
i 


Wtlts 


M.G.0. | 


150 200 


c 
Red &. Sulphur Fk. S 
' c 
° 
- 
Dickson uw 
0.64 M.G.0. 
Harpeth River 
ee 
° = 
— > 
o ” 
=o c 
a = 
—. % 
o5 2 
Cr. 
vo 
ss 
v0 
M3 
oz 
= 
° 
co 
Es 
ce 
ru 
> 
= 
mg 
> 
& 
v 
° tg 
& = 
> 
x 
” 
° 
z 
= 
: 
a 5 
8 = 
° > 
= 
8 A 
oO. 18.9M.G.0. 0.4 1.05M.G.D. 


M.G.D. 


a 


Laboratory Data for this section 
Courtesy Tenn. State Health Dept. 


Summers 1938 -'39 


urfreesboro 
.S. Vet. Hosp. 


\it 


River 


Lebanon 


Gallatin 


ZZ, 


Station | Barton Gr. 
Comp Cr 


O.17M.G.0. 0.62M.G.0. 


250 


Woodbury 


Hartsville 


se 
c = = 
= = = 
2 : : 
© pa ° 
° 2 S 
> < bei 
ound 
Py: i Caney Creek 
= 
o 
.-J 
= 
7 c 8 
os 
° 
300 350 
MILES TO MOUTH OF CUMBERLAND 


Mc Minnville 


Monterey & 
State School for Boys 


RIVER 


& Sparta 


400 


Water 
Supply 
Intake 


Burkesville 


0.02 M.G.0. 


° 
bed 
a 
4 
E 
° 
ao 
“NSIS 

Pitman Cr. nf 

- 

=] 

° 

- 

0.42 M.6.D. bed 


Rockcastle 


Oneida 


c 
: $ 
J a] 
°o Ps 
° 
° a 
: Loure/ River 
c 
S ° 
S 
Beaver Cr. 4 € Clear 
e 2 
= = 
a = 
2 
0-03 0.11 M.G.D. 
M.G.D. 
500 550 


- 


mo SALE _Dem ond 


September 


& October 1940 


LEGEND 


ndicates pollution 


removed by treatment. 


Jellico 


Jz 
z 
= 


600 


Sunbright 


ra. 


Barbourville 


Pineville 


=] 
c 
4 
of 
° 
222 
se 
(cy. 
Poor Fk. 
0.26MGD. 0.12 M.G.D. 
a 
5 asf 
= See 
8 =35 
Clover Fk. 
= 0.04 M.G.D. 
°o 
s 
* 
= 
J 
= 
= 
Yj Martins Fk. 
UW 
Yellow Cr. 
650 700 


Fl 


75 


SEWERED POPULATION OR 


EQUIVALENT (B.0.D,) 


10710000 


FIGURE—C2 


IN THOUSANDS 


Coliforms (M.P.N.) per ml. 


CUMBERLAND RIVER 
SOURCES OF POLLUTION 


AND 


SELECTED LABORATORY DATA 


OHIO RIVER POLLUTION SURVEY 
U. S. PUBLIC HEALTH SERVICE 


(Face p. 776) 


GPO-43 0-90035 


OHIO RIVER POLLUTION CONTROL eggs 


Taste C-3.—Cumberland Rioer Basin: Sources of significant pollution including 
industrial waste expressed as sewered population equivalent iccohpaical ovygen 
demand—Continued. 


Bowscoe popule- 
: tion equivalent 
Sere (biochemical 
Municipality Stream mouth Treatment |°*¥8en demand) 
of Cum-| ——— 
perlany! Un- | Dis- 
treated | charged 
veers State Hospital, | South Fork Little River..| 106 Panis 2c eee 2, 100 2, 100 
y. R 
Hopkinsville, Ky___._-._- North Fork Little River__| 106.5 Secondary--... 11, 000 2, 000 
Springfield, Tenn___._._.- Riat Mere cssscaceeee ce. 160 Ly peered [1 poise Raat 5, 700 2, 800 
Franklin, Tenn......___.- Harpeth River___.-----..- 221.5 kro 5ck a2 3, 000 
Spee State Hospital, | Mill Creek... ._.---.---... 203 Secondary---..- 2, 200 500 
‘enn. 
Murfreesboro, Tenn_...-- West Fork Stones River__} 249 | 6,000 |_--__ Fs (ae ee 9, 200 2, 100 
Gallatin; Tenn 2S 2 East Fork Town Creek_..| 243 | 2,000 |.-_.- dem 2, 500 400 
banon, Tenn_____..___- Sinking Creek.-...----.... 260.5 | 4,900 |----. Ga22.2225 8, 500 4, 300 
Cookeville, Tenn_.-.....- Short Creek s.s2 24a 358 None: +2. 222 3, 700 3,7 
McMinnville, Tenn_____. Barren Fork Creek__..____ 392) 1, 200 fe eT 1, 700 1, 700 
Romero. Weve 4nd Sinking Creek_____-- 522. 5 Secondary--.-- 4, 500 1,100 
Corbin, Ky. 225. 2.2. Lynn Camp Creek.. 562. 2 Fank.-— 2352 aihety SUG 7, 800 
Middlesboro, Ky Yellow Creek. __--- -| 653. 5 Secondary-_-....| 24, 100 4, 400 
Lyneh, Ky 22!--..- ..| Cooney Creek... --| 694.3 None___..- Paes 8, 
Harlan; Kyesiet oi: eviul Martins Fork 22.322.---<i 670.5 Secondary---__- 5, 000 700 
Small'sources (87) Jaced hl ae lai Sek: Ce cue. : Various. __.... 23,300 | 21,400 
Total: ; 
ACOTMaIG eg tne oe eae ee 65, B00 42 ose ct 2,500 | 43,800 
"Ronmtannes. 22-6286 1! pezgeo f 3 cert thie. fitch sO ste 413, 300 | 386,900 
apariedr aes hy 495, 800 | 430, 700 


MPOLGL, WESe Sos. Ns ee ee 


Industrial wastes—Table C-4 summarizes pertinent information 
on 86 waste-producing industries in the basin. The manufacture of 
paper results in the greatest industrial waste pollution, followed in 
their order of importance by the manufacture of rayon and cellophane, 
meat packing, textile processing, and milk products. Included in the 
summary table, but with no attempt at evaluation, are certain wastes 
of an inert or chemical nature such as sand, gravel and coal washing, 
fertilizer wastes, etc. Approximately half of the industrial wastes 
are discharged into municipal sewerage systems, the remainder reach- 
the watercourses through private outlets. Thirty-one plants have 
taken steps to reduce pollution. 

TaBLeE C-4.—Cumberland River Basin: Summary of industrial wastes not dis- 


charging to municipal treatment plants, with total of entire industrial waste load © 
in the basin. ‘ 


Industrial waste Estimated 
disposal Atioor powered 
= minor population 
Industry poh hd corrective equivalent 
a eh, Private ee (biochemical 
pa taken oxygen 
sewers outlet demand) 
Wanning. oo cee aaa SP Say pas vf 4 3 4 2, 100 
Chemical___ 2 0 2 0 72,000 
oh) ee = eo 5 2 3 3 37, 500 
11, 5 i ee ae 25 18 rg 9 9, 600 
Mil-refining 22) 2 < ss-ect 3 eee ts a es 3 0 3 3 1, 200 
ORM Oiee hk a cadew asta dere tephra. S 8 4 4 0 9, 000 
Miscetlansons's) 52 6.2. 2-23 Se 18 5 13 4 109, 200 
Wastes unconnected municipal treat- 
went oa nee ee os eal Bs 68 33 35 23 240, 600 
Wastes discharsed to mimicipaltrontmonts.. 22.4.0) 02. osouesawareeecneeedesescdnas 17, 900 
PEGtA ICuIn Era ASLO it LEO DARIRR «en, 2. Sc bal ee sae Baa cua weeee pees esbussncua 258, 500 
By States: 
PE OMICEN ee townie dallkon qo iow te le tte h ate de seen 2H neee ape eee 17, 000 
HAC TTS I STE Soe eS EET SSR EAR Lee AS FP ee ee ee SEE oy Fe 241, 500 


4 
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PRESENTATION OF LABORATORY DATA 


Summaries of U. S. Public Health Service laboratory results for the 
Cumberland River Basin are presented in table C-7 p. 785. These 
data were obtained from operations of mobile laboratories connected 
with the present survey. Data for the Nashville area were collected 
by the Tennessee State Health Department in 1938-39. Mobile 
laboratories obtained data on other parts of the basin during the fall 
of 1940 and spring of 1941. 

Selected average monthly analytical results at some of the prin- 
cipal points in the basin are tabulated with stream flows on sampling 
days and with the minimum flows of record in table C-5. Selected 
results have been chosen for low dissolved oxygen or high coli findings 
and, in general, represent the most unfavorable conditions during 
the sampling period. 


Tasie C—5.—Cumberland River Basin: Selected laboratory data 


RiveryCole oral | Cumber- | Cumber- | Cumber- | Cumber- | Cumber- | Cumber- | Cumber- 
land and land land land land land 
Botan fee ei ys Mouth | At Can- | Above | Below | Above Below | Above 
ton, Ky.| Clarks- |Richland |Richland |Nashville|Nashville 
ville Creek sreek 
River miles above mouth of 2.8 63 127 158.1 182.7 188.5 193.6 
Cumberland. 
Perad, Petit ss “am Novem- | Novem- | 1938-39 | 1938-39 | 1938-39 | 1938-39 
r ber ber "6 Ss - * 
Number of samples---.-.-.-_--- 4 3 3 25 18 14 17 
Flow in cubic feet per second: 
Sampling days_..-....-.--- 1, 580 3, 997 3, 020 1515 1 648 1 575 1 643 
Minimiym month: so 55-0 ..| wei ccoed fet b law 1, WOO: \2422-4qu2s| sre diaeesl.a te pce 7 
Water temperature, °C_______- 21.8 2.8 5.8 219.5 226 223.9 225.5 
Coliforms per milliliter_._.___.. 19 50 3127 O74 thee OS Ieee 
Dissolved oxygen, parts per 
TWHUOT ere Sag 558) SS 7.8 10.2 8.1 41.7 43.1 40.1 45.6 
Biochemical oxygen demand, 
5-day, parts per million__-___- 1.5 1.2 2.5 55.6 55.4 56.2 55.0 
5551) PP ae a ea Cumber- | Cumber- |Cumber- | Cumber- |Cumber- | Cumber-| Cumber- 
and land land land i land land 
fT (0 RR a ae Above | Above | Rowena | Above Above | Below 
Stones | duPont | Ferry Burn- Williams-| Pineville 
River Plants side burg 
River miles above mouth of 206 217.9 464 517 554 579 636 
Cumberland. 
Orit eae c tls) 28 a 1938-39 1938-39 Septem- | Septem- Septem- | Septem- 
: r r r r 
Number of samples_____..___.- * 14 13 3 3 3 3 
Flow in cubic feet per second: 
Sampling days.__.__....._- 1 480 1515 397 227 88 170 
Witnimnm month. 0.22 y er arcs O06) eae 84 gy eee ose 12 
Water temperature, °C_.._.___- 218.5 225 14.8 13.7 " 21.8 24.2 
aes per pach ge Te lig OTE Sa Wit ald eaNe 8 87.5 9 2 2 3 64 
ssolved oxygen, parts per 
neon eet AMES Py 43.8 47.3 7.8 8.8 ; 9.1 Ute 
Biochemical oxygen demand, 
5-day, parts per million_-____- 53.3 56.5 1.4 1.1 : 8 .6 
1 Minimum day. *Data from Tennessee Department of Health. 
2 Average. 
3 Average summer, 
4 Minimum, 


5 Maximum, 
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TasiE C-5.—Cumberland River Basin: Selected laboratory data—Continued 


Rivets 5s ae Little North Sulfur | Harpeth Mill West Barton 
ork, Creek Creek Fork, Creek 
Little Stone 
Location) oso tes cf Below Above Below Below Below Below Below 
Hopkins-| Hopkins-| Spring- | Frank- State | Murfrees-| Lebanon 
ville, Ky.| ville, Ky. eld, lin, Hospital boro 
, Tenn. Tenn. 
River miles above— 
Peniaenoe with Cumber- 40 49 35 68 3 42 7 
and. : 
Mouth of Cumberland__-.--__ 98 107 161 221 197 248 259 
WOTIOG oo. aie ass bok} Novem- | Novem- | Novem- | January | January | January | January 
ber | ber ber 1941 1941 1941 1941 
1940 1940 1940 
Number of samples----..---.-- 3 3 3 4 4 4 4 
Flow in cubic feet per second: 

Sampling days-.-_....-.-..---- 7 2 14 107 21 136 75 
Water temperature, °C___.....- 4.3 4.8 ty 6.8 6.5 7.4 . 
Coliforms per milliliter __...-..- 377 236 2, 270 675 783 31 349 
Dissolved oxygen, parts per 

1+ Cr TS ae ee mee CS a Es Oe 7.8 3.7 9. 2 11.6 12.4 12.2 8.5 
Biochemical oxygen demand, 
5-day, parts per million___...- | 3.6 5.9 5.7 4.4 2.8 3.4 8.4 
RPOREE Poe awe ae a8 ete we tke Barton | Barren | Barren | Yellow Poor Poor Poor 
Creek Fork Fork Creek Fork Fork Fork 
1 TRe gaa oe Eas? See eR Above Above Below Below Above Below Above 
Lebanon,| McMinn-| McMinn-| Middles- | Cumber- | Cumber-| Harlan, 
Tenn. ville, ville, boro, land, land, Ky. 
Tenn. Tenn. Ky. Ky. Ky. 
River miles above— 
oe with Cumber- 9 84 83 ll 22 19 1 
and. 
Mouth of Cumberland... __- 261 393 392 652 691 688 670 
Solna SES age ed edie” od, SEES ea arian January | Febru- | Febru- | Septem- | Septem- | Septem- | Septem- 
1941 ary 1941 | ary 1941 | ber 1940 | ber 1940 | ber 1940 | ber 1940 
Number of samples-_-_-_-------- 4 3 3 3 3 ~3 3 
Flow in cubic feet per second: 

Sampling days---.-...-.-.... 24 12 111 9 21 33 59 
Water temperature, °C__._____- 10.3 6.5 6.7 21.5 20.3 20.8 22.3 
Coliforms per milliliter _______- 285 (®) 33 17,000 209 1,030 14 
Dissolved oxygen, parts per \ 

1 se Sli Se SE as, we een 8.7 11.2 11.8 9 6.8 7.4 8.2 
Biochemical oxygen demand, 

5-day, parts per million. __.__- 2.8 2.4 ays 7.8 1.8 1.9 -9 

® Less than 1. fh 


Figures C-3, C—4, and C—5 show graphically, by spot map symbols, 
the concentration of coliform organisms, dissolved oxygen and oxygen 
demand, respectively, at various sampling points throughout the 
watershed. These data are presented as averages of all the results 
where the sampling period was less than a month. At points sam- 
pled by the Tennessee State Department of Health, where sampling 
extended over longer periods, data are presented as the most unfavor- 
able averages during periods of minimum stream flow. 

Bineatit HoPa during the period of mobile laboratory observations 
were generally in the lower discharge ranges, except in eastern Ken- 
tucky where local rains influenced the discharges and analytical results 
during the latter part of August 1940. Data furnished by the Ten- 
nessee State Health Department were collected over a 12-month 
period and a wide variety of flows was encountered. 

As indicated by bacteriological findings, about 76 percent of the- 
sampling stations not immediately below sources of pollution showed. 
maximum coliform organism concentrations of less than 200 per milli- 
liter. In general, conditions were worse on the tributary streams than 
on the main river. ' 
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Dissolved oxygen results show the main river to be in good sanitary 
condition except below Old Hickory and Nashville. The average dis- 
solved oxygen below Nashville reached a minimum of 2.1 parts per 
million and did not recover to a value of 5.0 parts per million or better 
within a 30-mile zone. The dissolved oxygen along the remaining 
portions of the main river and on many of the tributaries was in excess 
of 6.5 parts per million. The worst conditions along the tributary 
streams occurred below London, Ky., and Oneida, Tenn., where total 
oxygen depletion was observed. Dissolved oxygen values of less than 
3.0 parts per million were also observed below Corbin, Middlesboro, 
Mount Vernon, Hopkinsville, and Princeton, Ky. 

Stream sampling reported by the Tennessee State Department of 
Public Health, but not detailed in the present report, have shown dis- 
solved oxygen results of 2.0 parts per million or less below the following 
Tennessee towns: Gallatin, Lebanon, Murfreesboro, Franklin, and 
Dickson. The oxygen demand results were generally in agreement 
with the dissolved oxygen findings in revealing points of pollution. 
High average demands of between 75 and 205 part per million were 
recorded at Jellico and Oneida, Tenn., and at London, Corbin, Mount 
Vernon, and Princeton, Ky. Average demands of 10 to 20 parts per 
million were observed at Lynch, Ky., and Dickson and Gallatin, 
Tenn., and averages of 5 to 10 parts per million were found at Middles- 
boro, Guthrie, and Hopkinsville, Ky., and at Cookeville, Springfield, 
Woodbury, and Lebanon, Tenn. | 

Coal washing operations produced a bad appearance in the waters 
of Fugitt Creek, Clover Fork, Clear Fork, and Hickory Creek. No 
acid stream conditions were observed on any of the streams in the 
coal-mining areas of eastern Kentucky at the time of this survey. 

Evidence of active self-purification in the streams was shown by 
reduction in coliform counts and in oxygen demand values along 
some of the tributaries and along the main stream below Nashville. 
The water quality on Poor Fork above Harlan was good despite con- 
siderable pollution from mining camps upstream. Results at the 
mouths of streams as compared With the results below sources of 
pollution farther upstream in general indicated betterment in water 
quality. The results at Nashville tended to show that the coliform 
counts do not diminish rapidly under high discharge conditions and 
lower temperatures and persist for longer distances downstream 
below sources of pollution. 

Biological summary.—The Cumberland has a low plankton volume 
of less than 2,000 parts per million except below Nashville, where the 
fertilizing effect of its sewage increases the plankton volume to 8,000 
parts per million. This stream shows very nicely the effect of do- 
mestic pollution on plankton. Fish collecting was difficult and 
generally small catches were obtained. 
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Hypromerric Data 


_ Forty-eight stream-gaging stations have been maintained on the 
Cumberland River Basin for varying periods, 25 of which are active 
‘at the present time. Eight stations of importance from a pollution 
standpoint have been selected and the monthly mean summer flows 
r the 3 years in which the lowest summer flows have occurred are 
resented in table C-6. 


Taste C-6.—Cumberland River Basin: Monthly mean summer flows for years in 
which lowest summer flows have occurred 


St ica I SAR, | EK Ee ee ee ee Cumber- | Cumber- | Cumber- Obey 
land land lan: 
DLS RSE cere | © RS eet Seer <2 ise eae Clarks- Nash- Old Byrds- 
ville, ville, Hickory, town, 
Tenn Tenn. Tenn Tenn. 
River miles above— 
Wontloenes with @umberiand!. 2-2 oben. oe eo | BE ca tebe sc eae ee 45.2 
Wrouthee © omMperianoe - Wo fo boa ae 126.5 191.1 218.2 426.1 
Drainage area (square miles) --........-....-.----.-.-.- 14,370 12,750 11,610 425 
Werind OF record. fee 2k sek 1922-40 1888-1931 | 1931-40 1919-40 
1925 1899 1932 1925 
640 4, 640 4, 850 86 
490 , 640 16, 300 45 
1, 510 3, 350 2, 510 20 
1,100 1,180 1, 910 64 
1936 1913 1936 1930 
2,119 8, 650 1, 086 67 
6, 979 2, 350 2, 835 30 
2,012 2, 000 924 30 
1, 375 905 903 “22 
1939 1925 "1939 1936 
WUUERS Seo. eee te cubic feet per second __ 10, 670 3, 820 7, 193 37 
LEU" (EP SARs iv gk es eee Se @outi 8, 764 3, 570 7, 263 
TT 2]. SSSRSEESE SE 2) eee eee? f- aeemagt Mose 5, 635 x 3, 748 119 
ro) Sa). 2 aes See ee Sears Dane ee See Gp si i 11,099 1796 
a i Cot a a Caney Fork| Stone Harpeth Red 
| Te Use MS ERA SE ot PAS Meena aD Oe. eres Bee i Silver Smyrna, | Kingston Adams, 
g Point, Tenn. Springs, Tenn. 
} Tenn, Tenn. 
River miles above— 
Confluence with Cumberland.--..-..-.------------- - 41.6 25 32.4 32.9 
Mou Wumperignd:. o3cc ccs. eee 350.8 231 185.3 158.4 
mage arga (square:Milles)__...2.....i.---co4.---- 2,130 550 695 690 
eriod Onceeprd. —- 4. pe sotee Eadie. 1923-40 1925-40 1925-40 1920-40 
1931 1925 
96 370 
122 172 
74 
32 61 
1935 1936 
264 115 
f ) 358 315 
USE. i Sp ete an ee Oe eee Qo--- 528 36 113 165 
ce oT ieee eae < Geena - Taemaae Go. 1 289 33 45 78 
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Figure C-6 presents a low-flow frequency curve of the minimum 
monthly mean flows from June to September, inclusive, for the 
Cumberland River at Nashville. This curve is based, necessarily, 
upon past records and will not reflect conditions that may be expected 
when low-flow control works, now under construction, are completed. 
The curve indicates that the expectancy of low monthly mean summer 
flows is as follows: 


Minimum monthly mean summer flows in cubic 
feet per second that may be expected once 


Location 1G 


Minimum 


a 


750 


2 years 10 years 


1, 300 


5 years 


ISR VNC Stee tt aos eg et oe a eae 2, 800 1, 700 


Low-flow regulation. —The Wolf Creek Reservoir in the Cumberland 
Basin is being constructed by the United States Engineer Department 
in connection with the authorized program for Ohio River flood con- 
trol. The reservoir will have a maximum storage capacity of more 
than 5,000,000 acre-feet and will provide a minimum flow of 4,800 
cubic feet per second at Nashville. Two additional flood-control 
and power reservoirs, Dale Hollow on Obey River and Center Hill 
on Caney Fork River, are also under construction. These should 
increase further the minimum flow at Nashville. 

A proposed reservoir on the Poor Fork River, a headwater tributary 
of the Cumberland, might be expected to benefit the water and 
sewerage works of the town of Cumberland, Ky. A minimum flo 
of 10 to 15 cubic feet per second would be available from this reservoir. 


Discussion 


The only pollution problem of serious consequence found in the 
Cumberland River Basin is in the Nashville area. Minor pollution 
of local significance occurs at a number of smaller communities on 
minor streams. Corrective measures at these points are included in 
the cost estimates but discussion has been omitted. 

The Tennessee State Health Department has made detailed studies 
of the Cumberland River in the vicinity of Nashville and is preparing 
areport thereon. The results of their observations have been available 
for this report and have been freely used. Grateful appreciation is 
expressed for this courtesy. 


NASHVILLE AND VICINITY 


The 40 miles of the Cumberland River from Old Hickory to below 
Nashville, Tenn., receives waste from an equivalent sewered popu 
lation of 353,000, about 80 percent of the basin’s total pollution load. 
The only effective sewage treatment in this area is at Old Hickory 
where the domestic sewage receives secondary treatment. 

As a consequence of this pollution, conditions in the river below 
Nashville are definitely bad during periods of low flow. Bacteriologi- 
cal studies show the water to be unsuitable as a source of raw water 
for a public supply from Nashville downstream to Clarksville, a 

90035—44—pt. 2——41 
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distance of sixty-odd miles, and the river water in this area does not 
meet the swimming water standard (0.5 per milliliter) recommended 
by the Tennessee Public Health Council. 

Analytical studies of oxygen conditions below Nashville show 
dissolved oxygen values as low as 0.1 parts per million and oxygen 
demands as high as 6.6 parts per million. Scum and floating material 
are observed on the water, which detracts from riparian values. 
Sludge blankets the stream bed for a distance of 18 miles below Nash- 
me, preventing the propagation of fish and increasing the oxygen 

epletion. 

At Nashville, monthly mean summer flows (June to November) 
have been less than 2,000 cubic feet per second during 23 of the 44 
years of record and less than 1,000 cubic feet per second during 10 of 
these years. With primary treatment of the present wastes dis- 
charged to the river in the vicinity of Nashville, a minimum flow of 
1,500 to 2,000 cubic feet per second is desirable for dilution, the 
ry depending in part on the effect of upstream pollution. 

acking this quantity of dilution water, more refined methods of 
waste treatment would be necessary. 

The Wolf Creek Reservoir, now under construction on the Cumber- 
land River at mile 460.9, will furnish minimum summer flows at 
Nashville of an estimated 4,800 cubic feet per second as ultimately 
developed. Under these circumstances, primary treatment of sewage 
and equivalent treatment of industrial wastes at Nashville and Old 
Hickory will be adequate. The minimum tangible monetary benefit 
of the increase in low flow, computed as equivalent to savings in 
treatment cost in the Nashville area, amounts to $50,000 annually. 
Other benefits, that are highly desirable but incapable of invoice in 
dollars, are: Vaiss 

(1) Higher dissolved oxygen residuals in the vicinity of Nashville, 
improving the stream as a habitat for aquatic life. 

(2) Dilution for potential increases in pollution loads. 

Cost estimates for remedial measures for pollution abatement 
Pa ope as justified by the stream uses, are summarized on table 
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GREEN RIVER BASIN? 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Green River drains 9,220 square miles of rolling and hilly 
land largely in west central Kentucky but extending to northern 
Tennessee. Although predominantly an agricultural area, coal is 
mined extensively in the western part of the basin. About 10 percent 
of the total population of 440,000 is urban. Sewage from nearly 75 
percent of the sewered population is treated and there are no industrial 
wastes of importance. Acid mine drainage damages a number of the 
small tributaries but has no noticeable effect on the larger streams. 
Pollution problems are local in character and abatement can be 
effected by known methods of treatment. 


CONCLUSIONS 


(1) Nine of the 39 public water supplies are taken from streams 
below sources of pollution, but none of the supplies is seriously polluted. 

(2) Of the 45,000 sewered population, the sewage from 34,300 is 
treated. Industrial wastes from 13 small plants have a total popula- 
tion equivalent of 3,800. 

(3) Laboratory data show the larger streams of the basin to be in 
good sanitary condition, and many of the small streams to be grossly 
_ polluted by untreated or inadequately treated sewage. Acid mine 
drainage was found in only one stream during the laboratory survey. 

(4) The minimum monthly mean summer flows of record on the 
Green River at lock No. 6 and the Barren River at lock No. 1 are 
230 cubic feet per second and 162 cubic feet per second, respectively. 

(5) Proposed flood-control reservoirs studied by the United States 
Engineer Department are so located as to be of little benefit,to pollu- 
tion abatement. 

(6) Sewage, although receiving primary treatment, affects the 
smaller tributaries having extremely low flows. Secondary treat- 
ment seems justified at these places. Primary treatment should be 
adequate for towns on the main stream and on its larger tributaries. 

(7) Most of the industrial wastes can be effectively treated at the 
municipal treatment plants. 

(8) Estimated costs of the suggested pollution-abatement program 
for the basin and of the work already done from table Gr—1 are sum- 
marized below: 


Capital | Annu]: 
Treatment cost charges 
eet st bere 
Le ciN et | 9 eerie Sep apatin Seat apeenel —cans aye peepee Rhee mpc iy tances ee eae ene $450, 000 
Sugreste@adaitionae aie oe ts Uo cee ecececmewunectewadaceccuues 780, 000 be pt 


1 For maps of this basin, see Cumberland River Basin. 
90085—44—pt. 2——-42 es FOO 
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Estimated additional costs, over existing charges, of programs in- 
volving uniform treatment throughout the basin are 


Capital Annual 


Treatment cost charges 
ReTaRRI Vy CI NCOS oe ao harnaats oe atop io sane win Sea pare ee Dalene eee eee Fa eee $550, 000 $50, 000 
pouondary, all places 2o-<- 2 Soot o.oo ds achec aces 960, 000 100, 000 


Tasie Gr-1.—Green River Basin: Estimated cost of existing and suggested minimum 
corrective measures for sewage and industrial wastes, with comparative costs for 
primary and secondary treatment 


N pmb of bat Annual charges 
plants opula- Bocas 
tion con- capital 
nected ment Amorti- | Operation 
Pri- Sec- | to sewers zation and|and main-| Total 
mary | ondary 4 interest | tenance 
Existing sewage treatment.......-- 8 3 | 34,300 | $450,000 | $30,000 | $25,000 | $55, 000 
Suggested minimum correction: 
wage-treatment plants. __..-- 9 7 10,900 | 600, 000 40, 000 30, 000 70, 000 
Required Mmierceptotss 1: .- 23255). ap iia ee LAs 180, 000 20/00 [set .- 2522 10, 000 
Independent industrial waste 
BOTreetiOn. . Sea arcane I PAA Sp TA SAP SEE SR EA SS SLO Sd es eee, 
otal eee oo ia seca ccoonah| «sono 5dg eee sateen ey 780, 000 50, 000 30, 000 80, 000 
Comparative cost: 
Primary treatment, all waste... j=.22.205) 225 |Last o ck 550, 000 34, 000 16, 000 50, 000 
Secondary treatment, all waste-|......-.]--..----|---.------ 960, 000 64, 000 36, 000 100, 000 
PR DS 522) 0 i ene ec 3 AERO BF ee AS [RR 780, 000 50, 000 30, 000 80, 000 
DESCRIPTION \ 


The Green River drains an area of 9,220 square miles in west 
central Kentucky. About 380 square miles of the basin are in 
Tennessee. Larger tributaries are— 


Distance 


a Drainage ; shiva Drainage 
Tributaries mouth of Dee Tributaries mouth of area, 
Gree sites Green square 
River ee River miles 
PONE BVOl tesa oe Se 55 756 || Barren River_--- <_<. 150 2, 132 
Rough River-___-.-------- 71 23025) Nolin: Riverse- 26 sisi 184 750 
DPRRURIVEl cactcasco4ce~ 2 109 430 


Population of urban communities and of the basin as a whole, for 
the past 30 years, are tabulated below. 


Populations 
‘ 
1910 1920 1930 1940 

Urban communities: 
Bowe reel 2: cee cn sl oye tae. cen anteccnwa-se eee 9, 173 9, 638 12, 438 14, 585 
MAISON WAN Oh. Phen ees tape cept meta te canes == tees 4, 966 5,030 6, 908 8, 209 
SHIABCOWAGEL - a aiedot gee anata tone dane eens 2, 316 2, 559 5, 042 5, 815 
GimieraliG ttinad Shoots sete Sse ee eee es een ces 2, 545 3, 108 4, 321 4, 199 
WERT gat. . > 5 occurs Seek apukanadee kenwaswe cee keer 3, 111 3, 124 3, 297 3, 983 
LS So 1 | RE Sires ieee sR cy le ae ager See sed Aree 3, 063 3, 154 3, 056 3, 940 
MUVADC LOW . 22.03. 2sa~ sows coetenaewanaa-seehcnaeasseer= 1, 970 2, 530 2, 590 3, 667 
———SS 

Entire basin: 

AMINE BE ics co 5d ice sna tobe iceman dane eset Sous 401, 233 | 398,307} 377,209] 399, 994 
TL gs Le EE pS ae a a RES AO aA 6 oe Te ys pr 22, 858 29, 143 37, 652 44, 398 
SPOsbs aoe oS oo awa ada cawausinveaccs oa ccnoveuneenss= 424,091 | 427,450 | 414, 861 444, 392 
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None of the urban communities and only about 8 percent of the 
rural population is in the Tennessee portion of the basin. 

Agriculture is the principal occupation, although a large part of the 
area is too hilly for cultivation. Coal is mined extensively in the west- 
ern part of the basin. Cavernous limestone underlies much of the 
region and considerable areas have no well-defined watercourses. 
Drainage collects in shallow depressions and “sinks” and is either 
evaporated or disappears into the limestone caves. Mammoth Cave 
is in this basin. 

‘Water uses.—Six locks and dams on the Green River and one each 
on the Barren and Rough Rivers, provide a 4- to 5%-foot navigation 
channel as far as Mammoth Cave on the Green River, Bowling Green 
on the Barren, and Hartford on the Rough. Less than 200,000 tons 
of freight are carried annually, the principal commodity being asphalt. 
The Green and most of its tributaries are considered good fishing 
streams and are extensively used for recreation by local residents. 


PRESENTATION OF Fietp Data 


Figure C-1 shows the location and magnitude of each source of 
pollution of consequence in the basin. Figure Gr-2 shows similar 
data and, in addition, the location of water intakes from streams 
below sources of pollution and laboratory data on coliform organisms, 
dissolved oxygen and biochemical oxygen demand. 

Public water suppiics—Of the 39 public water supplies in the basin, 
21 are from surface sources and 18 are from wells and springs. About 
20,000 people use underground supplies and 50,000 use surface sup- 
plies. Table Gr-2 shows data on the surface water supplies of the 


basin 
TasBLe Gr-2.—Green River Basin: Surface Water Supplies 


Con- 
Popula- | SUMp- 
Treat- tion 
1 

Supply Source Mile front’ : t On milli¢n 

gallons 

per day 

Suppties below community sewer outfalls 
Calhoun: (ccc 205- sieks 5 - 600 0.04 
Livermore... ..--+-==<-<4-<--+-|----- te) 1, 200 “06 
ontral City, --..<. 3, 800 "36 
Rockport._..--------- 400 “OL 
Morgantown. .-..----- 800 “06 
Brownsville... ..----~--<1--- BALE t 300 “02 
Mumford ville 2562.22. .i-.-2..)- 4503 500 "02 
qareenonire... Seeto <=) eee f do 800 04 
Bowling Green-.---.------------ 15, 000 1:90 
Other surface supplies 
artford Rough River fb 101 i b eee 1, 200 : 
Franklin ..-| Drakes Creek (impounded) - 230 Lp ieee 3, 300 
Glasgow... ..--------- Die NBOAVER CTOBk Sf ance ohne 5k). SRD 4, 000 *O1 
Tompkinsville Mill Creek (impounded) --_- 270 Lb Belneens? 600 “04 
Hodgenville North fork Nolin River 
(impounded)-.=-=====-<~<-)) ~12269 inf Diss - isu 1, 200 06 
Campbellsville--.------------- Pittman Creek (im- Sec Do eu 2) 600 “09 
DOMTGOU) wie a catia eieerecoiens 
Columbia. _.....-------++.---- Russell Creek, = 35 -< 55 - 295 FD. 2 ecg 1, 000 04 
ASS Sa So ee Green RIVGE- «<stoe ives otk 326 Rsaicag 600 02 
Madisonville a Pa POMUbh s cu acde- cacao el eckccoae rip b pea pai 8, 500 "50 
: FD.. 500 01 
D 1, 000 02 
2, 400 -10 
Total: 

Balaw SO WAUIUUS UG Coane eee nce IS cot a ae 23, 400 1.81 
ss Sa latte id als "ee rile Sa ie eee an ge Gel 900 1. 36 
Tota] surface water supplies. ..........--------------~--~---------+-----.-.--.- 50, 300 3.17 


1 Miles above mouth of Green River. 
3 F =Coagulated, settled, filtered; O=Coagulated, settled; S=Settled; D=Chlorinated, 
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Sewerage.—Table Gr-3 shows the sewered population at each of 
the more important sources of pollution in the basin, all in Kentucky.: 
Sewage from 34,300 persons, of the 45,000 to whom sewerage is avail- 
able, is treated; that from 29,300 by primary and that from 5,000 in 
secondary treatment works. 


TaBLE Gr-3.—Green River Basin: Sources of pollution including industrial 
wastes, expressed as sewered population equivalent (biochemical oxygen demand) 


Sewered population 
Miles equivalent (bio- 
: ve Popula- chemical oxygen 
Municipality Stream mouth of oS <a to | Lreatment demand) 
Gree’ ecte 
River sewers 
Un- Dis- 
treated | charged 
Central City 2-2__- +. Cypress Creek ---------- 90 3,000 | None_____- 3, 000 3, 000 
Madisonville. _...------ Flat: Creek----.-.---.--- 90 7,600 | Primary -- 7, 700 5, 000 
Beaver Dam... -4---- = Muddy Creek..-....-...- 104 600. |>: do... 600 400 
Praritord:s:-*ss-2--=---- Rough River..-.-.-.-.-- 100 1,100 |, None_____- 1, 300 1, 300 
Greenville___....------- POnd Creek. --.-ase<e--s 117 O00 154.00. 900 900 
Russellville.__..-------- Town Branch...-...---- 157 3,000 | Primary -- 3, 200 2, 100 
Bowling Green. -..---- Barren River_....----.- 176 13, 000 |..-do__----- 15, 200 10, 600 
Franklin® _ 9-0 fee Drakes Creeks_-..-.---- 230 2, 600 |-..do.!_____ 2, 600 2, 600 
Seotteville. 22605225522 South Bays Fork_-_--.--- 226 600 |_..do....... 600 400 
Glasgow $=. ash - see Sent} fark Beaver 250 3,900 |---do...--_- 4, 400 2, 900 
reek. 
Elizabethtown_-.-..---- Valley Creek_-_-_-..- Os 261 2,600 | Secondary. 2, 800 400 
Hodgenville-- .-| North fork Nolin River- 269 960:|_¢ do... 900 100 
Cave City.---- 2) Sinieneles-s 52> nee ceee 200 500 | None_____- 500 500 
Campbellsville_._---.--- Buckhorn Creek--.---_- 270 1,500 | Secondary. 1,700 300 
olnmblarets =< -a0222—2 Russell, Creek. -...-..-.- 294 600 | None______ 600 
aijieialler sources!) $232 | siSz sess A ATI s se SB oe 2, 600 (?) 2, 800 2, 700 
AMG TE SA RR A eB oe Se TTS M000 S82. FY 48, 800 33, 800 


1 1 small Imhoff tank receives about 8 percent of sewage. 
21 primary plant; no treatment at 10 other places, 


Industrial wastes—Thirteen small plants in the basin discharge 
wastes of significance. Wastes from seven of these are treated at 
municipal sewage treatment plants. Table Gr—4 shows data on the 
remaining six plants, four of which discharge wastes to caverns. 


TasLe Gr—4.—Green River Basin: Summary of industrial wastes not discharged to 
municipal treatment plants with total of entire industrial waste load in the Basin. 


Industrial waste Estimated 
disposal At least pate 
minor Population 
Industry sobs of corrective vs dimer se 
Municipal! Private =i (biochemical 
en oxygen 
sewers outlet demand) 
"A ee BESS a ee ES 9 1 os SRE | See, 2 0 2 2 400 
West...) oe. -.- 3. -<-5-2-ft E-bs- dE <n e 3 0 3 3 1,800 
Miscellansous. <2 i-..------.- Us Bee ee 1 0 ; ak beni 59 Se 200: 
Waste unconnected municipal treat- [ee | ia a eh 
ment_----..------- jo == a --- =~ === =~ = -- 6 0 6 5 2, 400 
Waste connected to municipal treatment--_|-----...----|------------|------------|------------ 1, 400 
Notalinidtstrialswasteimesin 2h ool ee ann leat ecolt isles bp oe 3, 800: 


Acid mine drainage.—Prior to the mine sealing program some 76,500 
tons of acid entered the streams each year from the coal mines in the 
western part of the basin. This has been reduced by about 20 percent 
by sealing some of the largest acid-producing mines. A considerable 
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EQUIVALENT (B.0.D.) IN THOUSANDS 
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amount of work remains to be done. The relatively high natural 
alkalinity of the normal stream waters tends to localize the effects of 
mine acid discharges. 


PRESENTATION OF LABORATORY DaTA 


The laboratory survey of this basin, especially the lower section, was 
made during a very dry season. Below sewer outlets on small tribu- 
taries, sewage comprised from 65 to 75 percent of the total stream 
flow. Because of ponding, seepage and evaporation streams were 
usually dry a few miles below town. Observations were made during 
August, October, and November 1940 and February 1941 by trailer 
units, 

General summaries of Green River data are shown in table Gr-7 (p. 
806) and selected data are tabulated in table Gr-5. Figures C-3, C-4, 
and C-—5 (p. 780) show the results of the coliform, dissolved oxygen 
and biochemical oxygen demand determinations at the various sampl- 
ing pointsin diagrammaticform. The averages are from three samples 
collected during a period of less than a month, except at the mouth, 
where they indicate the most unfavorable monthly average obtained 
during three months.” 


TABLE Gr-5.—Green River Basin: Selected laboratory data 


E17) ye lat Sethe Ee nee a aa Green Green Green |Buckhorn| Nolin Valley South 
Creek Creek Beaver 
Creek 
OCabION. 6 P5se- 2 Se Below | At Lock |AtSpotts-| Below Below Below Below 
Munford-| No.3 ville Camp- | Hodgen-! Eliza- | Glasgow 
ville bellsville ville |bethtown 
River miles above— 

Mopuence with Gireen esis) = - 7 eget te 20 83.5 80 90.5 
Mouth of Green 212.5 103 8.6 268 267 263.5 240 
Period) £000: -s kc. ws ..-| October | October~| October | August | August | August | October 

Novem- 
ber 
Number.of samples. __-.-------- 3 3 2 3 3 3 3 
Flow in cubic feet per second: 
Sampling days__.--.------- 103 7 37 A oe td (1) 1 3 1 
Minimum month. __....--- Cp ae SS Fs a he Sa el | OTS PO | nae eh 
Water temperature, ° CO____.__- 13.3 9.5 17.5 22.2 21.8 21.8 13.5 
Coliforms per milliliter___._.__- 1 5 1 1, 680 210 1,190 467, 000 
Dissolved oxygen, parts per 
Saition.*) 22. i352 Se 9.2 7.6 8.3 5.4 5.0 2% 3.1 
Biochemical oxygen demand, 
5-day, parts per million_____- 0.6 1.6 0.5 8.7 3.0 8.0 313 
DRAG Has 2 se ees ke ae Bays Town | Muddy | Barren | Barren Flat Cypress 
Fork Branch Creek Creek Creek 
oo 1) ee aan oes bape fap Below Below Below Above Below Below Below 
Scotts- | Franklin} Beaver | Bowling | Bowling | Madison-| Central 
ville Dam Green Green ville City 
River miles above— 

Confluence with Green____- 74.5 80.5 33 38 26.5 25 27 
Mouth of Green_...----..- 224 228 104 187.5 176 80 82 
Peoria 16--——- October | October | October | October | October | October-| October- 

Novem- | Novem-, 
ber ber 
Number of samples_...---.-.--- 3 3 3 8 8 3 3 
Flow in cubic feet per second: 
Sampling days-_------..-..--- () (4) () 95 97 1 (4) 
ater temperature ° C_-...._-- 13.3 9.8 10. 2 15.7 18.7 19.2 10.8 
Coliforms per milliliter_....._.- 9,300 | 32,000 | 300,000 15 1,340 | 412, 000 42, 000 
Dissolved oxygen, parts per 
million Sep ie omen ep eee 7.3 0 0 8.6 8.1 1.4 0.5 
Biochemical oxygen demand, 
5-day, parts per million_.___- 8.3 141 192 1.4 2.3 266 21.2 


i Less than 1. 
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Laboratory data show no particular pollution problem on the 
Green River itself, there being no communities of consequence dis- 
charging sewage into the main stream. The major pollution problems 
result from local nuisances below towns on the smaller streams with 
the worst conditions prevailing below Beaver Dam, Central City, 
Elizabethtown, Franklin, Glasgow, Madisonville, Russellville, and 
Scottsville. . 

Pond River drains a large coal-mining area but at the time of the 
survey mines were mostly shut down and those working were pump- 
ing mine water intermittently. With low flows and ponding, wastes 
were not reaching the streams except at Nortonville where acid stream 
conditions were observed on Drakes Creek. 

Biological summary.—The plankton population of the Green is 
extremely low, usually less than 2,000 parts per million. These low 
values are due to the fact that the stream flows through a region of 
poor soil, low in organic matter, and there are no important sources 
of pollution along the stream. 


HyprometTric Data 


Eleven stream gaging stations have been maintained in the Green 
Basin at various times, six of which are currently in operation. Table 
Gr-6 shows mean monthly flows at representative stations during 
some low-flow years. 


TaBLE Gr-6.—Green River Basin: Monthly mean summer flows for years in which 
low summer flows have occurred 


PE a REDE, te, BERR, 2 ER ee & Nie Sipe ade eee ae Lae Green Green Rough Barren 
OCHMUINEE. tubde. 126 See odo: je oh in Bocedue Munford- | Livermore,| Dundee, Green- 
ville, Ky. Ky. Ky. castle, Ky. 
River miles above— 
OIMMONCE Watlr GPCR ee eo ofc oss ae eel bac ce wa eaeeanceuses 57 15 
LEST EN SAL? O20) ¢ ee a ee ol ne ME pp Ra Pm Se 213 70 128 164 
Drainage area (square miles) ..-........-..----.-.--- sae pe 7,580 764 1,950 
MEET? = GOSS AOOREA GT SOUROE tu tip Meet © edie } 1930-40 | 1930-40 | 1925-31 
WORD na kt oii becaa atin tides ctanech then wcabduwt assualt ds 1930 1930 1931 1930 
Hf til yay SY Se Sle as 2 a cubic! feet per second __ 226 1, 160 27 563 
PUES ee Site gon awe oo we Saawabc dan dee sade nee sae re ee 182 706 67 368 
PUBUNG oo ck Oe a ea dos &: 108 482 280 178 
September s uit accuciaw deswoscsensdsscstes dou... 200 524 155 162 
gs tage leap een a Eb os Rerpepy Mie nceh- tara. P Sa peerip ae ie 1939 1939 1935 1925 
Vn 17 Ty Senne eel EE SAM at cubic feet per second -- 1, 692 7, 1, 790 534 
Pee aten a ese aa necbeidonninadaecse doz... 1, 000 3, 183 670 401 
WTIPUGb: qos sock atandte an cobeeeerwcb esas eas “12 Res 810 2, 488 150 166 
RU DURIMIDGT os ans sc anbee cad san pes asansaees Ose5. 143 28 162 
IB RUE MweRt aaa ho saad. hans Ssestaceccaeebaeouucdaden’ 1919 1940 1936 1927 
DUNO L Se hee napa han a Seed eubic feet per second-- 1, 100 2, 480 28 3, 470 
UNY dae tee cce et ccna s cedipanbonspentass ae doi.2: 437 1, 597 64 902 
US 1.311. aS aie Se SOO naa elope ee Pes | pir Sal a03->. 398 1, 210 31 675 
BEV CMNEl sab Ct anoia cos smU en pan ae has apetiee seh 147 740 205 251 
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Low-flow regulation.—Sites for possible flood-control reservoirs in 
the basin have been studied by the United States Engineer Depart- 
ment in connection with the authorized program for flood control on 
the Ohio River and its tributaries. These reservoirs would be located 
on the Green, Barren, Rough, and Nolin Rivers. The largest, on the 
Green River below the mouth of Mud River, would have a capacity 
in excess of 3,000,000 acre-feet. Consideration has been given to the 
operation of the proposed reservoirs to augment stream flows during 
the summer months. 


Discussion 


Of the 15 sources of pollution listed in table Gr-3, none is on the 
Green River itself and 2, Bowling Green and Hartford, are on trib- 
utary streams with an appreciable reliable flow during the summer. 
As noted in the discussion of the laboratory studies, most of the receiv- 
ing streams contained a high percentage of sewage. Secondary treat- 
ment appears justified at places such as Madisonville, Russellville, 
Glasgow, Central City, and Franklin. At Bowling Green and Hart- 
ford and at the communities along the Green River primary treatment 
combined with dilution should be sufficient to maintain satisfactory 
stream conditions. At Cave City where there are no surface streams 
and all wastes enter the caverns beneath the town, primary treatment 
and continuous chlorination should be adequate to prevent pollution 
of the underground water. Industrial wastes present no particular 
problems. 1 of the plants are small, and the wastes can be treated 
at municipal treatment plants with the sewage. 

Further reductions in the acidity of the streams in the western part 
of the basin can be effected by a renewal of the mine-sealing program. 
A large part of the acid load comes from active mines. 

Low-flow augmentation by the proposed flood-control reservoirs 
would be beneficial but would have no tangible monetary value to 
pollution abatement, since primary treatment will be sufficient for 
wastes discharged to the streams which might be affected by the 
increased flows. 

The estimated cost of the suggested pollution-abatement program 
and of programs for primary and or secondary treatment of all wastes 
is shown in table Gr-1. 
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TENNESSEE RIVER BASIN 


SYLLABUS AND CONCLUSIONS 
SYLLABUS 


The Tennessee River Basin drains portions of seven southern States 
comprising a total area of 40,600 square miles. The larger cities 
located in the basin are Chattanooga and Knoxville, Tenn., and 
Asheville, N.C. The area is predominantly rural, with a few highly 
developed industrial areas. The abundance of good water supplies. 
and natural resources has been influential in the industrial develop- 
ment. Scant progress has been made toward pollution abatement. 
Known methods of treatment, if applied, would greatly reduce the 
pollutional load carried by the stream. Additional effort is needed 
to develop methods of industrial waste treatment for certain major. 
sources of industrial pollution. 


CONCLUSIONS 


(1) Most of the water supplies in this basin are adequate and 
dependable. Small supplies are, in general, taken from ground water 
sources while the larger supplies are from surface waters. In general, 
water supplies are not seriously affected by pollution, except at Knox- 
ville where industrial wastes from upstream plants have damaged 
the supply. 

(2) Sewage from a population of about 592,000 and industria 
wastes with a population equivalent of 1,306,000 are produced in. 
this area. Only 20 percent of the domestic sewage receives any 
treatment and one-third of this treatment is in obsolete and ineffec- 
tive plants. Existing municipal sewage treatment reduces the com- 
bined pollutional load of 1,897,000 to a pollutional equivalent of 
about 1,833,000 or about 3 percent. In addition, about 20 percent 
of the waste-producing industries have taken at least minor steps to 
reduce pollution either by treatment or alteration within the plant. 

(3) The more important points where high bacterial pollution was 
observed were below Asheville and Canton, N. C., and Kingsport, 
Knoxville, Chattanooga, and Columbia, Tenn. Poor oxygen con- 
ditions were found on the Tennessee River below Knoxville and 
Chattanooga, and on the tributaries the more important points were 
below Bristol, Copperhill, Cleveland, Kingsport, and Tullahoma, 
Tenn., and Canton, N.C. 

(4) The major sources of pollution are found in the upper half of 
the basin, principally in Tennessee and North Carolina. A number. 
of sections of tributary streams are grossly polluted, which creates 
problems that are primarily of a local nature. Conditions on the main 
river are good except in the vicinity of Knoxville and Chattanooga. 
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(5) The expected increase of low-water flow by the Tennessee 
Valley Authority’s stream-control program will improve stream con- 
ditions in the main river. Benefits that accrue to stream improve- 
ment will largely be intangible but nonetheless desirable.! 

(6) In view of the normal uses of the streams involved, refined 
treatment at certain sources of pollution would serve no purpose 
commensurate with the expenditure: In these instances primary 
treatment appears justified. A summary of comparative costs of 
remedial measures from table T—1 follows: 


Capital Annual 

Treatment cost charges 
Po ESA: BOR ee Te a ba a ele ke Seapets Spat, Ogg Sealindenelienas erties tas tes $2, 750,000 | $250, 000 
Suspected sdditional . .20 002 slskss il eek ecebee core eos 1 2k Poet Se 24, 480, 000 | 2,035, 000 


Estimated additional costs over existing charges of programs involy- 
ing uniform treatment throughout the basin are: 


Treatment Capital cost popes 
primary, Bil Wiseek fo aoa cater eacicn ase oe ie = chee Soe SOE $23, 440,000 | $1, 865. 000 
PARITY PACD) ES oe Pen oe ce a waiters ome nek pee Eo Shy 28, 840, 000 2, 495, 000 


Tasie T-1.—Tennessee River Basin: Estimated cost of existing and suggested 
minimum corrective measures for municipal and industrial wastes, with com- 
parative costs for primary and secondary treatment 


Sauce of Annual charges 
Popula- 
tion con- | Capital in- 
nected to} vestment | Amorti- | Opera- 
Pri- |Second-| sewers. zation | tion and Total 
mary | ary and in- | mainte- om 
terest nance 
Existing sewage treatment--....---- 26 18 98, 400 |$2, 750, 000 | $170,000 | $80,000 | $250, 000 
Suggested minimum correction: 
Sewage-treatment plants____-_- 64 37 | 489,400 | 7,420,000 | 520,000 | 395,000 | 915, 000 
ME GGITed IHLCECO PIONS... .coaal2 ceavcse| ours ceel dbeene 15, 450,000 | 725,000 |_...-____- 725, 000 
Independent industrial waste 
GOPPOCONes ~ one er ee eect Soma = ote Bo oe Sb bes ae ion 1, 610,000 | 205, 000 190,000 | 395,000 
PNG tRh anche as edac-.tetadasie eons. eber s Seek ee 24, 480, 000 |1, 450,000 | 585, 000 |2, 035, 000 
Comparative cost: 
Primary treatment, al] waste._|_.......|--------|.--------- 23, 440, 000 |1, 385,000 | 480,000 /1, 865, 000 
Secondary treatment, all waste.|_-..-..-|--------|---.------ 28, 840, 000 |1, 755,000 | 740,000 |2, 495, 000 
PAP Ta hoy he Re INS SSSR RE SSO Ee A AS 3 oars 24, 480, 000 1, 450, 000 5,000 |2, 035, 000 
DESCRIPTION 


The Tennessee River is formed by the confluence, in east central 
Tennessee, of the Holston and French Broad Rivers, whose head- 
waters are in western Virginia and North Carolina. From this con- 
fluence the river flows southwesterly to Guntersville, Ala., thence 
northwesterly to the northeast corner of Mississippi and finally 
northward through Tennessee and Kentucky to its confluence with 
the Ohio River at Paducah. The basin is roughly crescent in shape, 
somewhat constricted at its center where the river cuts through the 


1 Some of the reservoirs being constructed in connection with the defense program may have an appreci- 
able effect on pollution. Data are not yet available which would permit an evaluation of these effects. 


OHIO RIVER POLLUTION CONTROL 817 


Cumberland Plateau in the vicinity of Chattanooga. The two areas 
thus formed are approximately equal in size but are dissimilar in 
physical characteristics. The upper area is mountainous with swift 
flowing streams and narrow valleys while the lower area is rolling 
with broad flood plains and sluggish streams. 

The drainage area of 40,600 square miles and the. 1940 population 
of 2,941,298 are divided among 7 States as follows: — 


Drainage Population, 1940 
area 
State square 
miles Urban 
BON TRO EE eR ESR APR eee yee 2 (Se as eS SS pe Se 6, 810 79, 464 
OS Vo Ee SROs ASE ih ae Re iy Chere 1, 490 3, 538 
pS 5 Goat oe BaP ep bs SRO gen) y= Ske ae ee a 1, 055 3, 773 
"bE ATT °o aS ae ee ee - Spee es eee Ze 385 0 
North Carolina 5, 490 67, 729 
Sbrarmnasee 2-22 Be a 445, 337 
De Da bg oe A A lle ty es at pa ahs See gal i oh F 3, 080 32, 100 
Lt 7 i ea aaa ae ee fab ie: Mile wee eee Tie SIR 40, 600 631, 941 
Populations 
1910 1920 1930 1940 
Larger cities: ; 
Chattanooga, Tenn... ----2..--.--22t22- 25-5. -0-<-+ 44, 604 57, 895 119, 798 128, 163 
Mor gie, FORM clean odes edge eee ass 36, 346 77,818 105, 802 111, 580 
Anboeyillo; Ni. Oeste lus . S25 ea “ 18, 762 28, 504 50, 193 51,310 
wonnson City; 1 enn. 4 5.202 052.0. a kee 8, 502 12, 442 25, 080 25, 332 
Total basin: 
WUT a ind cau rade chieaiby roeetee dase 212,110 | 350,270 | 549, 125 631, 941 
iol ty. | Boge Pee? op ANP ERE Lip Senne open Sal eee one eae 1, 579, 583 | 1,624,770 | 1,667,953 1, 859, 357 
POUL = & itera oS aan gap in mee pen kl awa sales 1,791,743 | 1,975,040 | 2,217,078 | 2, 491, 298 
“i Drainage 
, ; , iver area 
Major tributaries mile square States 
miles 
PIVCRSIIVOR. 0202 20. 60s Cee og Se pe eee eee = 110.7 3, ‘Tennessee. 
Eik River. .---- 205... 3-~--- -4-1 0-3 2s-2-25252=<2 285. 1 2,330 | Tennessee, Alabama. 
ibwaeseere Vers sb PS a cache oaeeeeses 499. 5 2, 660 ay North Carolina, 
eorgia. 
Clinch River. -. -=---- Sa SF Et ee 567.7 4,400 | Tennessee, Virginia, 
Tita Vornnessée River. 2522 S22 ie eseteceesee 601. 3 2,650 | Tennessee, North Carolina, 
rgia. 
Mrenonh Broad Wier. 22a. sos es 652. 1 5, 140 ‘Tlenteeeton, North Carolina. 
BE VBE ac, ck ee erin Se - s e 652. 1 3,810 | Tennessee, Virginia. 


Resources.—The basin is rich in natural resources; tillable land, 
forest, and water power are abundant. Coal, asphalt, clay, sand 
and gravel, limestone, phosphate rock, iron, zinc, and copper ore 
are found in important quantities. 

Industries—While primarily a rural area, over 1,000 industrial 
plants are found in the basin. Extensive agricultural activity is 
found, although, in general, it is on a small scale. Practically every 
type of industry is represented, wood products and textile manufac- 
turing plants predominating. With the advent of cheap power devel- 
oped by the Tennessee Valley Authority, an increase in industrial 
developments is anticipated, particularly in the metallurgical field. 
Dairying shows a significant increase in middle Tennessee. 

Water uses —Climate, character of population, and adequate water 
supply have been influential in the development of this area. Surface- 
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waters supply the major demands of both industry and domestic 
users. Ground water supplies are generally used for smaller instal- 
lations. ‘The Tennessee Valley Authority’s development of the river, 
when complete, will provide for power development, flood protection, 
and a 9-foot navigation channel from the Ohio River to Knoxville. 
Recreational facilities are being developed and extensively enjoyed. 


PRESENTATION OF Frevp Data 


Figures T-2A and T-2B show all sources of pollution of consequence 
on the Tennessee River and its tributaries. The location, magnitude, 
and reduction by present treatment of each source of pollution are 
indicated as well as the location of tributaries, water supply intakes, 
and other pertinent information. Laboratory data during the months 
of lowest oxygen concentration, found while sampling, are plotted 
for four sections of the main stream so that the effect of the indicated 
sources of pollution may be observed. 

Public water supplies —Of the 244 public water supplies in the 
basin serving some 871,000 people, 76 are wholly or in part from 
surface sources; 42 of these are from impounding reservoirs and 11 
more are from streams not subject to pollution. The remaining 23 
_ supplies, serving 394,700 people, are from streams subject to vary- 
ing amounts of pollution. ‘Table T—2 shows data on these supplies. 


TasL_e T-2.—Tennessee Basin: Surface water supplies 


Con- 
Treat- Popu- | sumption 


Supply State Source Mile! lation (million 


ment?! served | gallons 
per day) 
Supplies below community sewer outfalls 
Kentucky Dam------ Kentucky 22 Fp 800 0.11 
Sheffield ae, ERP Alabama 254 FD 14, 400 75 
Wilson Dam No. 2---|----- MO:i.993-3-.-[onacs 256.5 | FD 3, 500 1.30 
Decatur piss st 5- <es hoarse Op! t.saree- Se ise aus < 304.5 | FD 16, 200 1.00 
tn tersyiUlesc.04- sexes GO- + .ueo6.<=|<-4-8 357.5 | FD 3, 500 27 
Wrideeport.----2-2— selene. A 415 FD 2, 100 . 08 
South Pittsburg- 418 FD 2, 700 .14 
Eevianoben. 466 rD 152 000 03 
Chattanooga-- 0 , 000 19.03 
Lenoir City A eg ahegoue Tennessee River, Little | 601.3 | FD , 500 .46 
Tennessee River. 
BeMOkNIUG to sohosas5e=|o=s—- ‘Tennessee River-.------- 648 FD | 120,000 10. 00 
Golumbia-2:---=-<=--|=<--. Duck River’. =-=s2csse2< 243 FD 12, 000 74 
RS eg aaa ES, eee pee ain Klien ene 332 F 7,400 45 
Hiwassee Dam Hiwassee River--------- 575 FD 200 06 
Frarritian <2 2-5. Emory River.--.------- 584 FD 5, 900 .47 
Gakdale... 282522425 PELE GS. LEV ILA oO Ste LL ERRS ar eae 589 FD 400 02 
Oe Datiby. 2: erin. = 25 Virginia... 22 Clinch River-_--- -| 823 FD 700 02 
icmiands- 2-45 ------|---=- eee ee mee lua e ser -| 888 FD 2, 200 09 
John Sevier__-------- Tennessee------- Holston River-.-.--- --| 660 FD 200 01 
Morristown_.-.----=-|----- da see, Spring, well, Holston | 731 FD 8, 500 .77 
iver. 
Kingsport: $428 2--t o} <3 Ads asa: = Pape Fork, Holston | 799 FD 17, 600 1.30 
iver. 
PIS OU -tetA SSI do__73faee-|3 252 cop Ce aS SS 850 FD 18, 000 .95 
Greanvilles2: 3; .-2c-~!>--23 rc (ee SE oe Nolichucky River 3_---- 775 FD 6, 800 58 
Total: 
OBB GIO W SO Wen OlltIAlG. po man nes outa s a aoe = geese acd ar rane cere aeswne 394, 700 38. 65 
SB) Othersurtaecsupplies. 22 oS Pte pi ss Ssh see ets espeeca eb sels 213, 800 21. 32 
Total; surface water supplies... 222.2 S 2b deka a iB 608, 500 59.97 


a 
1 Miles above mouth of Tennessee River. 
2 F=Coagulated, settled, filtered; D =Chiorinated. 
3A part of supply is from ground water sources. 
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In general, the water supplies are adequate and have been an 
important factor in recent industrial growth. The character of sup- 
plies obtained from the main river may be expected to change due to 
transition from river to lake conditions. There will be a tendency for 
algae to increase and chemical quality to become more uniform. 
Turbidities will decrease. 

Taste and odor troubles have been experienced at Knoxville 
attributed to industrial wastes. 

Sewerage.—There are 170 sewered municipalities in the basin, 44 
of which have sewage-treatment plants, other than septic tanks. 
In general, treatment is found only in the smaller communities that 
are located on tributaries. Table T-3 summarizes. the sewered 
population together with industrial wastes. 
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Industrial wastes.—Data on 227 waste-producing industrial plants 
are summarized in table T-4. Pulp and paper industries and chemical 
plants are the largest producers of industrial pollution. These two 
types of industry account for over half of the basin’s pollution load 
and constitute the major problem of pollution control. The sewered 
population equivalent of industrial waste discharged to municipal 
sewers is 123,500 or about 10 percent of the total industrial waste. 


TaBLe T-4.—Tennessee River Basin: Summary of Industrial Wastes not Dis- 
reed to municipal treatment plants, with total of entire industrial waste load 
in the basin ; 


Industrial waste Estimated 
disposal At least sewered 
Number (omar population 
Industry of corrective equivalent 
plants | Munici: Private | measures (biochemical 
pal outlet taken oxygen de- 
sewers mand) 
MRTATIOEY See Rn Aa oe ones hee 24 6 18 2 38, 400 
ROTOR cet. Shee ess ee ear 21 2 19 ll 353, 200 
PRUE. 2s eee oe ewe ee ee eee 19 ll 8 2 40, 200 
IER oe oa cS UL eae eae Pee eee 26 17 9 2 9, 500 
Tigh Lal shes Bho avs) eee ee Aas a RRs Sea rg 4 % 8 584, 400 
REGIE (ae Ge a Sn eee err ie 9 2 “i 2 79, 900 
“UNS cH [2 Piglet Ree i Ge Seibert a epee 80 37 43 1 138, 700 
iS SUE Po 7 1 a ies > ee ele Os SR 39 4 35 13 56, 300 
Waste unconnected municipal treat- \ 
PHONO ee od 2 Eee ees 227 81 146 41 1, 300, 600 
WViastes: discharged to municipal treatment. ..2.- 24 2) 3 ee , 400 
Totalinidusirish- waste in the basin 2202 ae oe hn eee ee 1, 306, 000 
By States: , 
SS | 01514: Pe Ee Se ee RS Baa Ss eee eee ee ke ee A 9, 400 
CheOreIA So ooo 85. on os Sh So a eee ee 57, 000 
NGONGUBEY -22c oy Oe ee a SS ee ee es Ee 300 
ODISGIRGI NT core echoes woe oe on a wan ee ee ee eee ee 0 
Worth: Caroling. <6 2 3 ee ee ee ee oe 508, 500 
PTGNITMOSSOO ati 28 ee oo Sake che cls cea sees Se acta ie so ee act oe ee eames 712, 500 
Wittinie seo5 oct aie i acct Sec oe ele wee Ree ae eres Se 18, 300 


PRESENTATION OF LABORATORY DATA 


Complete summaries of laboratory results for the Tennessee River 
Basin are presented in tables T-7 and T-7A (pp. 834 and 844). A 
part of the laboratory observations for the Tennessee Basin was 
carried out by two mobile laboratory units during November 1940, 
and January, February, and March 1941. 

Since 1936 extensive stream pollution studies of the Tennessee 
River Basin have been carried on by the Tennessee Valley Authority 
in cooperation with the several States that make up this area. A 
report titled “Studies of the Pollution of the Tennessee River System,’ 
was published in February 1941, and it is anticipated that subsequent 
reports will be made. . 

From March 1939 to February 1941, the Ohio River pollution 
survey actively cooperated with the Tennessee Valley Authority in 
their pollution studies. Data collected prior to 1939 have been made 
available to the Ohio River pollution survey and have been freely 
used in this report. Included with these data were chemical results 
fe River samples analyzed by the Tennessee Department of 

ealth. 
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Selected monthly average laboratory results at some of the prin- 
cipal points in the basin are tabulated with flows on sampling days 
and the minimum monthly flows of record in table T—-5. Selected 
results have been chosen for low dissolved oxygen or high coliform 
findings and, in general, represent the most unfavorable conditions 
during sampling. 


TaBLe T-—5.— Tennessee River Basin: Selected laboratory data 


MAIN RIVER—MOST UNFAVORABLE DISSOLVED OXYGEN RESULTS 


ie 0 tet Tennes- | Tennes- | Tennes- | Tennes- | Tennes- | Tennes-+ Tennes- 


see see see see see see see 
Ban A gee EE lak 5 Above At Below Below Above Below Below 
Knox- Knox- Knox- Knox- | Chatta- | Chatta- | Chatta- 


ville, ville, ville, ville, nooga, nooga, nooga, 
Tenn Tenn. Tenn Tenn Tenn, Tenn. Tenn. 
River miles above mouth of 
"Pennossees ses. et 7 650.5 645.5 638.9 625.1 472.1 460.8 452.2 
Perio age one Pe cd August | August | August | August July July ! July 
Number of samples_.___.-__--- 3 3 3 3 4 4 4 
Flow in cubic feet per second: 
Sampling days__....--...-- 4, 500 4, 500 4, 300 4, 600 15, 800 16, 200 16, 500 
Minimum month_. 1, 830 1, 830 1, 830 HC SOey || os 3 ea re ee oe ee 
Water temperature, °C___ 28.3 29. 2 29.3 29.0 28. 4 28/4 28. 5 
Coliforms, per milliliter... __._- 33 650 900 re 23 700 425 
Dissolved oxygen, parts per 
ition.) -2eisk 6 Sent 5.72 5.14 4.39 4.95 5.91 6.03 5. 56 
Biochemical oxygen demand 
5-day, parts per million .____. 1.12 1. 57 1.32 1. 20 1. 24 1.04 1.29 


A Sa ta RE Ee ee Tennes- | Tennes- | Tennes- | Tennes- | Tennes- | Tennes- | Tennes- 


see see see see see see see 
a ee ee ee Above | Below | Below | Above | Below | Below | Below 
Decatur !) Decatur !| Decatur ') Florence | Tuscum-|'Tuscum- | Nortons 


bia bia Bluff 
Bridge 
River miles above mouth of 
HV. Saar dle A Ng el a 307.6 302.5 298.0 256.6 251.8 241.5 5.3 
FP Gniogy 1Opieeae oe June ! June! June! | August | August | August | Septem- 
ber 1940 
Number of samples_-____.____-- 5 5 5 3 4 3 o 
Flow in cubic feet per second: 
Sampling days...........-- 23, 400 23, 400 23, 400 25, 200 26, 400 25, 200 26, 300 
Minimum-month — 222s) os seme ch cae He ees De AA) 2 Been band ee 5, 070 
Water temperature, °C________- Gr 28.0 28.0 28.8 28.9 28.7 22.3 
Coliforms, per milliliter. ______- 22 38 26 (4) 27 ye 6 (2) 
Dissolved oxygen, parts per ‘ 
S= VO. Soet SRTOIEL 3! 6.91 6. 78 6. 97 7.43 7.08 6. 78 8.2 
Biochemical oxygen demand, 
5-day, parts per million. ____- . 86 113 1.32 0.98 190 0.93 0.8 


MAIN RIVER—MOST UNFAVORABLE COLIFORM RESULTS 


Li eh, Sea = so Ae Tennes- | Tennes- | Tennes- | Tennes- | Tennes- | Tennes- | Tennes- 


see see see see see see see 

et (Dp ee Sy ee ee Above |At Knox-| Below Below Below Above Below 
Knoxville} ville {Knoxville} Knoxville} Loudon | Chatta- | Chatta- 

nooga nooga 


River miles above mouth of 
Mesnnssse Sf: Skt eS 650.5 645.5 638.9 625.1 591 472.1 457.1 
oe 37s ae October | June | Septem-| July | February; January | Septem- 


1936 1936 ber 1936 1936 1941 1937 ber 1936 
xc ot samples-_---_-_- ave 4 4 4 3 3 2 2 
ow in cubic feet per second: 
Sampling days___......---- 15, 100 5, 200 4, 200 6, 700 9,080 | 121, 000 14, 200 
Minimum month_-____._-- 1, 830 1, 830 1, 830 1, 830 2, 860 3, 990 3, 990 
Water temperature® C____.._-- 17.6 27.0 26.6 26.7 5.0 12.0 26.0 
erg per milliliter... ._..- 170 1, 800 2, 000 325 il 100 2, 200 
issolved oxygen, parts per 
AMS. shaw sR aS 7.51 6.34 4. 42 5.84 11.0 9.57 6.25 
Biochemical oxygen demand, 
5-day, parts per million _____- 2. 69 1. 68 1.88 1.10 3.5 1. 42 - 82 


1 Also worst coliform month, 2 Less than one, 


/ 
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Taste T-5.—Tennessee River Basin: Selected laboratory data—Continued 


MAIN RIVER—MOST UNFAVORABLE DISSOLVED OXYGEN RESULTS—continued 


Tennessee River 


Below Tuscumbia 


251.8 
June 
1937 


241.5 
June 
1937 


Tenhes- 


see 
Nortons 
Bluff 
Bridge 


5.3 
Novem- 
ber 1940 


Watauga 


Below 
John- 
son City 


South 
Holston 
Below 
Kings- 
port 


Holston 
At mouth 


Hiver OA Lite AOS Tennes- | Tennes- | Tennes- | Tennes- 
see see see see 
SCRIWRA aae pat bas duel, Sots Below South | Bridge- | Above 
Chatta- | Pittsburg} port Florence 
nooga 
River miles above mouth of 
"Penmnessee. Osis cae 452.2 418 414 256.6 
ET OTe ie ES eae apeity pams ° Le Tt Septem- | February| February}! May 
ber 1936 1941 1941 1937 
Number of samples----_------- 2 3 3 4 
Flow in cubic feet per second: 
Sampling days..___-_..___- 14, 200 13, 100 13, 100 63, 000 
Minimum month---____..- DOO 4) = oy postaoe atau en a 3, 760 
Water temperature, °C________- 26. 5 6.5 6.3 20.8 
Coliforms, per milliliter-..._._- 2, 400 16 20 5.8 
Dissolved oxygen, parts per 
Cer TN [apr OS Ren See, RSE RRs 6. 24 10.8 10.8 9. 52 
Biochemical oxygen demand, 
5-day, parts per million______- 1.0 be 2.1 1. 25 
TRIBUTARIES 
2) yee Oe” RR ae eS Powell South North | Watauga 
Holston | Holston 
Location... SESS SS ee Ree e Below Below |At Kings-| Below 
Big Stone| Bristol port Eliza- 
Gap bethton 
River miles above— 
Confiuence with Tennessee 
Rivers ese see ee 163 168 142 188 
Mouth of Tennessee... _-- 815 820 794. 5 840 
PEM AUG Cte anaes ks ee nal March | August | August | March 
1941 1941 
Number of samples- ---_-_--._--- 3 3 3 3 
Flow in cubic feet per second: 
Sampling days-._-....---.- 211 940 600 1, 398 
PST ETISATIS TET hee ey een. aa eee SE, ere al eee Tb nin in nae Bee ban es 
Water temperature, °C__.._.._- 3.8 24. 2 23 6.3 
Coliforms, per milliliter __.._._- 280 250 23 357 
Dissolved oxygen, parts per 
BUN OMe oe oe neg 12.8 6.7 7.5 6.3 
Biochemical oxygen demand, 
5-day, parts per million_-_.._- 3.0 1.5 9 9.9 
Stivebeeaee ht escent Sel French | French | French | Pigeon 
Broad Broad Broad 
60 US a: an ee At mouth| Above Below Above 
Asheville} Asheville} Canton 
River miles above— 
Confluence with Tennessee 
1 A base yas poe eee palo 0.4 152 133 139 
Mouth of Tennessee.------- 652. 5 804 785 791 
OP apes Sehat Pesca seas October | March | March | March 
1936 1941 1941 1941 
Nunber of samples__..___.___-- 3 1 3 3 
Flow in cubic feet per second: 
Sampling days__....--_---- 11, 000 903 1,017 128 
Minimum month. .-_...___- WAS aa" bas J 328 
Water temperature, °C____._.-- 17.1 1.0 3,2 1.2 
Coliforms, per milliliter ____.__- 375 24 438 14 
Dissolved oxygen, parts per 
UST ia ee a eS 7. 39 |. 11.0 10.9 12.4 
Biochemical oxygen demand, 
5-day, parts per million__-___- 2. 25 1.8 EY 1.3 
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Taste T-5.—Tennessee River Basin: Selected laboratory data—Continued © 
- TRIBUTARIES—Continued 


LIA TD gikeca Ser Se nae Uae Be re Clinch |Hiwassee| Ocoee Ocoee sae rma Spring 
jie reek 
Tocation'<. 2s sesee ctr docece At mouth At Below |At mouth/At mouth, 3 miles 
Charles- | Copper- j below 
ton hill Hunts- 
ville 
River miles above— 
Confluence with Tennessee 1 15 BS ONT ewaced aaah 16 
River. 

Mouth of Tennessee- ------ 515 337 
Petia, feel a See ec January 
Number of samples-_--_-----__.- 2 3 3 3 
Flow in cubic feet per second: ; 

Sampling days-..-...-.-..-- 2, 080 1, 600 169 54 

Minimum month__---__--. BO Vg 5 aie Lowy ah Sc a wear Lae be oat See neds ot aor ee 
Water temperature, °C____-___- 22 3.0 5.0 8.5 
Coliforms, per milliliter___.___- 350 1 (2) 363 
Dissolved oxygen,» parts per 

mnitiion's i322 fitl 32... 9ituiis3 6. 02 11.9 6.4 8.2 
Biochemical oxygen demand, 
5-day, parts per million_____- 3. 49 0.7 16.0 2.2 


EO Sa pee ated dria Sea Ck 2) Swan /Richland| Rock Rock Elk Duck Duck 
Creek Creek Creek Creek 
POCAMION. oat sae Below Below Below Below Below Below Below 
Athens,’| Pulaski | Tulla- Lewis- | Fayette- | Shelby- | Colum- 
Ala. homa burg ville v bia 
River miles above— 
Ngpfoeree with Tennessee ll 66 172 196 88 216 130 
iver. 
Mouth of Tennessee- - - -.-- 311 351 457 306.5 373 326 240 
hg Pe Uigee Aep cagor a tee ey January | January |February| January | August | July 1938} August 
1941 1941 1941 1941 1938 1938 
Number of samples___-_----_--- 3 3 3 3 2 2 5 
Flow in cubic feet per second: 
Sampling days. __..._.-.-.- 90 501 5 67 819 318 1, 180 
Minintam month: < 2. S225 le Cert Best™ 115 83 39 
Water temperature, °C_.__._._- 8.5 8.8 5.0 8.5 26 26. 5 28. 4 
Coliforms, per milliliter__.--_- 817 337 7, 030 410 31 300 600 
Dissolved oxygen, parts per 
million. 2. t3 Use 7s vee 9.6 10.8 6.9 10.2 6.9 6.2 5.7 
Biochemical oxygen demand, 
5-day, parts per million_____- 3.0 3.8 34. 2 2.9 13 ie Ly 
1 Seeded and neutralized. 2 Less than 1. 


Figures T-3 and T-4 show the distribution of coliform bacteria 
and dissolved oxygen, respectively, at the various sampling points 
throughout the basin, as based on average results during the most 
unfavorable month of observations at each point. In general, the 
higher coliform results tended to occur during months of high stages, 
whereas the lower dissolved oxygen results coimcided with lower 
stream flows and high temperatures. _ 

As indicated by bacteriological findings, over 90 percent of the 
sampling stations not immediately below sources of pollution showed 
coliform organism concentrations of less than 200 per milliliter. The 
more important points where high coliform results were found are 
below Asheville and Canton, N. C., and Kingsport, Knoxville, 
Chattanooga, and Columbia, Tenn. 

Poor oxygen conditions were found on the Tennessee River below 
Knoxville and Chattanooga and on the tributaries below Bristol, 
Canton, Copperhill, Cleveland, Tullahoma, Harriman, Kingsport, 
and Sylva. The low oxygen results found below Bristol, Copperhill, 
Canton, Harriman, Kingsport, and Sylva are largely due to indus- 
trial wastes. 
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Acid stream conditions were observed in the vicinity of Copperhill 
on the Ocoee River. 

Figure T-2 shows dissolved oxygen, 5-day biochemical oxygen 
demand, and coliform results for sections of the main river at Knox- 
ville, Chattanooga, Decatur, and Florence. These data were chosen 
for the month showing the most unfavorable dissolved oxygen condi- 
tions. These results are typical of a stream receiving pollution and 
show the effect of natural stream recovery. 

Figure T-5 shows the results of biochemical oxygen demand analyses 
at the various sampling stations throughout the basin, and reflects 
the quantity of unstable organic material that must be oxidized. 


Hyprometric Data 


Two hundred and thirty stream gaging stations have been maintained 
on the Tennessee River Basin for varying periods, 158 stations of 
which are active at the present time. Eight stations of importance 
from the pollution standpoint have been selected and the monthly 
mean summer flows for the 3 years in which the lowest summer flows 
have occurred are presented in table T-6. 

Figure T-6 presents low-flow frequency curves of the minimum 
monthly mean flows from June to September, inclusive, for the 
French Broad River at Dandridge and for the Pigeon River at New- 
port. These curves indicate that the expectancy of low monthly 
mean summer flows is as follows: 


Minimum monthly mean summer flows in cubic 
feet per second that may be expected once in— 


Location 
2 years 5 years 10 years | Minimum 
INMWASOLU, MOU oe 1) W252 9e4 oe ee eee 500 360 320 158 
anadricge, Penn <2 25. 2 5. d cogs ee ao ea 3, 280 2, 320 2, 000 973 


With the completion of the proposed dams in the Tennessee River 
Basin, the Tennessee Valley Authority estimates the expected mini- 
mum weekly average controlled flows (May through September) 
to be as follows: ? 


Flow in cubic feet per 
second 


Miles 
Location above y 
mouth | typical | Typical 
dry year | wet year 
Psst gigi CURES RES SBS ES CSR DAS Ree ELA RAE) ies EEE BOER TSE Pee O48 eth eal sh ice ike ts 
More oudos aM!) 2 sss sec est shh ae as} ee boo ee et 591 4, 750 i 
WV ATUST Or EIN S sot cot nes soled he vases cee aoe ane atetee meses 530 11, 600 17, 250 
Obickamanugs! Dames 22 52s. Saisie er. Siete em 471 14, 900 19, 850 
SO AOD CH ee oe ee sei gst en 8 ee ka AGE estas, 2 re ep eos Be 
baton Bar Dart = 5.'8 SS ed ARI Od Sa hs 431 15, 500 20, 700 
CESS atest EEO Cl 1 ee oe sete cea een ees S22 AT" 349 16, 400 25, 200 
i Eg Ya veg ane ERR Ley is Sees ha ie ye ee 275 17, 700 27, 800 
Wilsons Deamiverk Babes £ ele pti ope 259 18, 300 28, 400 
UE s\ a tea SET RT ae Pe 5 cae, oe cnet SS oeipae Sempra 207 19, 900 30, 400 


a ae nate reservoirs now under construction in connection with the defense program will further increase 
ese flows. 
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Fig.T-6 
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TaBLe T-6.—Tennessee River Basin; Monthly mean summer flows for years in 
which low summer flows have occurred 


IVC iasa oat eet sin is new ta wea os ene ede can concen aaees Tennessee | Tennessee | Tennessee |South Fork, 
Holston 
0) ee ee es At Knox- | At Chat- | AtJohn- | At Kings- 
ville tanooga sonville port 
River miles above— 
DOndBeNGe With: | ONHeNSOO. oa. ove el eso oles eat ee tee a eer ee seat Pe we ce tees 148 
DMOUUL ORT emmeseses -3t So LS Sot eee, catia 648 468 100 800 
Drainage area (square miles) 8,934 21,400 38,520 1,931 
PSOE ORFECUNUL Gu casaensh se Ie ot enon thse ene ae 1900-40 1874-40 1890-40 1925-40 
OAD (cucbE scant isi divs eth SS ee 1904 1881 1897 1930 
WOMB aot Ae ok Sede eee cubic feet per second _- 6, 660 19, 600 26, 400 911 
ONY Secu es cote tacst pal sbete eds cane eae | 5, 980 12, 400 32, 200 662 
Taye ee. HERA ee | Senge Co enetee. Sne do---- 6. 460 8, 080 24, 100 1, 050 
Septempheha sf  oa2t a Pes eg da: <3 3, 290 14, 500 11, 500 
VUES Pe RE AID Ce: Secale ee ee ea eee tans ce fet tr 1925 1883 1903 1932 
br iT ho aie = 2 ES eee: cubic feet per second_- 4, 790 25, 300 66, 800 1,710 
Sa bie: Seen oe BY RP Re 2 PS ooo ae Oe ee (i) es 3, 960 15, 700 26, 900 1, 330 
ATION ae Bali ennn ae soeeaesisent <ooe Ba do-y.2 11, 830 10, 500 20, 700 900 
ee iali 2 dee See eRe eee p oss Be ee do..-- 1, 850 7, 610 11, 200 1 630 
NOG o2 32 0 ccs albadewsweee sent sssas cocbersae seers 1932 1925 1925 1939 
VRHG eee oo ek hak cubic feet per second _- 8, 240 10, 800 14 1, 409 
UD ork a ihe She ne oe ah See She es do...-5 7, 550 9, 370 13, 600 1, 842 
WURIGUIBGs some eas See SOLA Sh RS es ae Sz (il Bae 5, 200 4. 760 8. 130 1, 295 
Naptembens.s:c2 05S onde th Ee WOu2c8 3, 130° 13, 990 14,780 634 
1: es eke Sean ee pepe ame ers EO Stenr dr 2 ener rue | Pigeon French Little Emory 
Broad Tennessee 
| cs tes tele ie Ree reree spe ae are ead Co Aa ee Newport | Dandridge | At McGee! Oakdale 
River miles above— 
onfiuence with Tennessee: . 2... 2-25. s22-.-.---- 6 45 19 21 
joubn Of Tennessee. = = a8 a, Jo aa g eon cas 732 697 620 589 
Drainage area (square miles) _---_.--.-.---------------- 655 4,446 2,443 758 
(PaniGsol LOCONG + 22 520. ps5 ge et onee noes 1903-29 1919-40 1905-40 1930-40 
a, SAS Ee eee ee epee ee Pee Cee Ay | 1914 . 1919 1914 1930 
Deas Paw ce aregcunone cubic feet per second -- 603 5, 820 2, 660 64 
Mag oor BC ean Den cae ASL eee Gorsss 461 4, 740 2, 680 20 
UIBOSb et sacs. oad tac So weae Se me Sie ak Qo-223 534 3, 310 2, 260 8 
Sepromiber2e ae Seon ek Shh Rca se 0.23 308 1,770 1, 620 13 
MO oe She ee SO Sh Ben Sanna eee ot 1919 1925 1919 1935 
PeOe : Les 84s Owe cubic feet per second-- 843 2, 240 4,720 386 
SOY ae ckee ear So oaks cane ee ae G0s232 927 2, 030 3, 610 105 
PA Tig GING: So eee. £8 bo Seana ascecet nea saeas ci yee 643 981 2, 720 108 
BODtAIONGk =. Bate Sagas Cen cl ant pan weasels One =5 313 1 973 1, 420 16 
61 SDSS ES Eetia a RA Se Ser i ae ee ee 1925 1932 1925 1936 
JOUG. O23 Secs esate cubic feet per second_- 457 4, 670 2, 400 16 
JOY 25.2 sesso ak a ewe os - sae nese Nae 328 3, 750 1, 850 48 
PRPS G Eso ew capa awasdewengea-saasescans GQGusos 1158 3, 010 1, 140 30 
BeDpLGluMek cs wuts uas— se foot ctasauteshaanenns dOz5.5 180 1,770 609 24 


1 Minimum month. 
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Discussion 


Due to the rural character of the Tennessee River Basin, there are 
large areas where problems of pollution are of a minor nature. In 
many sections of the basin, high-stream flows lessen the effects of 
pollution 

There are a few highly developed industrial areas and pollution 
problems of consequence are primarily the result of industrial wastes. 
Only at Chattanooga and Knoxville, Tenn., and at Asheville and 
vicinity in North Carolina does sewage account for an appreciable 
portion of pollution problems of more than local significance. Even 
at these places, industrial wastes are at least equally important with 
sewage and at Chattanooga, industrial waste dominates the situation. 

Pollution problems of consequence, due almost entirely to indus- 
trial wastes, exist at and below Harriman and Kingsport, Tenn.., 
and on the Pigeon River in North Carolina and below in Tennessee. 

Minor pollution problems, of local significance only, exist at’ a 
number of moderate sized and small communities on minor streams. 
Corrective measures at these points are included in the cost estimates 
but discussion has been omitted. 


TENNESSEE RIVER 


The nine dams located on the main stream make the river essentially 
a chain of lakes. ‘These dams have reduced the river velocity, result- 
ing in the settling out of solids and a decrease-in turbidity. The 
consequent increase in light penetration has stimulated biological 
activity and this phenomenon has been charged with bringing taste 
and odor troubles to water plants. The pooling of the river has 
undoubtedly caused an increased formation of sludge banks in the 
vicinity of sewer outfalls. 

Chattanooga —The metropolitan area is the most highly industrialized 
area of the basin. A pollutional load of 373,000 population equivalent 
is discharged to the stream, of which 268,000 is contributed by indus- 
try. Chattanooga Creek which receives waste from Rossville, Ga., 
and the southern part of Chattanooga (population equivalent 228,000) 
is probably the most highly polluted stream in the basin. Floating 
oil, scum, color, and septic conditions have made the stream a disgrace. 
Offensive odors are prevalent and cause local nuisances. The water 
of Chattanooga Creek is unfit for domestic purposes and most indus- 
trial uses and, in addition, pollutes the main river for a considerable 
distance downstream promoting conditions adverse to further indus- 
trial development. ; i 

Laboratory findings show dissolved oxygen in the stream falls to 
5.5 parts per million and it is indicated that values less than this will 
be found with lower flows. Below the city, coliform organisms in the 
main river were found to be in excess of 200 per milliliter for 50 percent 
of the months sampled. ; 

Little effort is being made to treat wastes in this area and existing 
works are either overloaded or not in operation. Unsightly conditions 
exist near all sewer outlets; discoloration and floating materials are 
common. The water supply intake is located above nearly all of the 
local pollution. Difficulties experienced in water treatment have been 
caused by pollution originating as far upstream as Saltville, Va. 
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Primary treatment works are amply warranted for the prevention 
of sludge banks and the elimination of floating material. Some bene- 
fit to pollution abatement may accrue from the control of low water 
flow by upstream reservoirs. 

Knorville—tThis city’s wastes have a population equivalent of 
171,000, of which 81,000 is attributed to industrial waste. There is 
no treatment of wastes either domestic or industrial. This load of 
pollution taxes the river’s capacity for recovery and records show 
dissolved oxygen falling to 4.0 parts per million. Below the city 
coliform organisms have averaged 650 per milliliter during the summer 
months. Unsightly floating material is found below the city and 
septic conditions with resultant odor nuisances may be expected with 
minimum flows. In view of the present conditions and future pos- 
sibilities, primary treatment of all wastes should be installed. 

The water supply for the city of Knoxville is at times damaged 
by industrial wastes from upstream plants. This is the most serious 
condition in the entire basin. During low flows these industrial wastes 
give the water a high color, create excessive chlorine demands, and 
cause taste and odor troubles. Low flows are usually encountered 
during the fall and early winter. 


FRENCH BROAD RIVER 


This stream and its tributaries drain 13 percent of the total basin, 
receive 34 percent of the industrial pollution load and 29 percent of 
the total pollution load. Practically all of the pollution on this water- 
shed arises in North Carolina. No treatment of domestic sewage is 
practiced and only isolated instances of industrial waste treatment 
are found. Water supplies, in general, are obtained from the head- 
waters of the streams so there is little damage to the supplies from 
wastes. However, the main stream is rendered unsuitable for either 
domestic or many industrial uses. 

Pigeon River—This stream is the principal waste-carrying tribu- 
tary, receiving a pollutional load of 309,000 population equivalent, 
of which 298,000 is from industrial wastes. For almost its entire 
length this stream is grossly polluted from paper mills, tanneries, and 
canneries. In color the stream is inky black with quantities of yellow- 
ish brown foam on its surface. At times the dissolved oxygen ap- 
proaches zero and the chlorine demand is high. The effect of wastes 
discharged to this stream has caused trouble at the Knoxville water 
plant. During low flows a high color carried over to the filters and 
the chlorine demand taxed equipment capacity. In addition, real- 
estate values of riparian property have been damaged by the appear- 
ance of the stream. One tannery gives preliminary treatment to its 
industrial waste by sedimentation which greatly reduces its load on 
the stream. A further reduction of the polluting materials discharged 
to the Pigeon River is imperative. The problem is difficult of solution 
because of paper mill waste. A preliminary step that should be taken 
and one which will probably be included in the ultimate solution of the 
problem is sedimentation of all wastes from the paper mills, tanneries, 
and canneries. Increased research in treatment processes with a view 
of possible recovery of valuable byproducts is amply justified. 
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Asheville, N. C., and vicinity —Buncombe County, of which Ashe- 
ville is the county seat, is located along the French Broad River and 
contributes a pollutional load of 150,000 sewered population equiva- 
lent. This county is extensively sewered and practically all wastes 
not originating on the river banks are discharged to public sewers. 
Industrial wastes are contributed by rayon, textile, and meat-packing 
establishments. None of the wastes are treated and the condition of 
the stream is such that it is not used for either water supply or recre- 
ation. Primary treatment of all wastes to remove color, floating 
material, and solids is indicated. 

Brevard, N. C.—Pollution of the French Broad is most serious in 
this vicinity where industrial wastes from the manufacture of paper, 
tannic acid, and leather have discolored the stream for many miles, 
Treatment to remove this color is desirable from an aesthetic stand- 
point and to make the stream usable for water supply and recreation. 
One tannery in this vicinity uses sedimentation to reduce the strength 
of its industrial waste. 


HOLSTON RIVER 


This stream and its tributaries receive a pollutional load of 316,000 
population equivalent of which 247,000 is contributed by industrial 
wastes. Major water supplies are obtained from the river, many of 
them downstream from large sources of pollution. Recovery of the 
stream due to natural purification leaves the water at the mouth gener- 
ally suitable for domestic and most industrial water supplies. Hard- 
ness, added by industrial wastes, causes damage for some distance but 
becomes less objectionable with increased flow in the lower reaches of 
the river. Nuisance conditions exist in the immediate vicinity of the 
larger towns. 

Kingsport, Tenn.—In and below this city is found the most grossly 
polluted section of the Holston River. Here it receives the industrial 
wastes from a rayon and wood products plant, a paper mill and other 
miscellaneous establishments, in addition to untreatéd domestic 
sewage. The river in this section contains considerable floating and 
suspended matter and presents an unsightly appearance. One large 
water supply for a paper mill is taken from this polluted section. 
Remedial measures should be taken to reduce the pollutional load. 
Primary treatment of domestic sewage by tried methods is indicated. 
Industrial waste treatment would probably involve segregation of 
wastes, chemical precipitation and evaporation of strong wastes. 

Elizabethton, Tenn.—At this city all wastes are discharged directly 
to the Watauga River, a tributary of the Holston River. Industrial 
wastes from the manufacture of rayon contribute a population equiva- 
lent of 47,000. By a revision of plant operation and the installation 
of copper recovery apparatus, one plant has reduced the amount of 
iron being discharged to the stream with a subsequent improvement in 
appearance. Viscose rayon waste is passed through basins to neutral- 
ize and settle out fiber. There is no treatment of domestic waste and 
odor nuisances exist in the vicinity of outfalls. Primary treatment of 
domestic waste and further treatment. of the viscose rayon waste is 
indicated. 


90035—44—pt. 2——44 
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The mining and washing of manganese ore has discolored the 
Watauga River. This situation could be remedied by settling and 
recirculation of wash waters. 

Saltville, Va.—Industrial wastes of a chemical nature are discharged 
and add hardness to the North Fork of the Holston River. Treat- 
ment by settling removes quantities of solids and under usual condi- 
tions dilution is sufficient to care for the effluent. However, on at 
least two occasions retaining walls have broken, releasing accumu- 
lated sludge. This material, high in chlorides, killed fish and caused 
difficulties with the operation of downstream water supplies. The 
recurrence of these conditions should be guarded against by proper 
construction of treatment works. 


LITTLE TENNESSEE RIVER 


The only major problem on this tributary is found at Sylva, N. C., 
where the untreated wastes from a paper mill, a tannery, and a tannic- 
acid plant grossly pollute the stream. Conditions encountered are 
typical, brown or black color, foam, high organic and low oxygen con- 
tent, and the usual odors. Physical conditions are favorable for nat- 
ural purification of the stream but are not sufficient to eliminate the 
nuisance conditions that prevail for many miles downstream. Plant 
operations should be revised to permit a minimum of pollutional 
matter to reach the stream. 


CLINCH RIVER 


This river drains a rural area and, in general, the pollution problems 
are of minor importance and of local interest only. Harriman, Tenn., 
on the Emory River, a tributary of the Clinch, presents the only 
major problem. Industrial wastes from textile plants and a paper 
mill have a population equivalent of 79,000 and tax the recovery 
capacity of the river. During low flows, the river is highly colored 
and septic conditions exist. There is no treatment of wastes. Con- 
ditions may be aggravated when backwater from Watts Bar Dam 
reduces the velocity of the river so that pollution is not rapidly car- 
ried downstream. A reduction of the pollutional load is warranted. 
This could. be accomplished by treating textile and domestic wastes 
by proven methods and a revision of paper-mill operation so that a 
minimum of waste is discharged. 


HIWASSEE RIVER 


The mining of copper and iron and the manufacture of sulfuric 
acid near Copperhill, Tenn., release large amounts of inorganic and 
chemical substances to the river. A load of 136 tons of suspended 
solids is discharged daily. Many of the solids discharged come from 
the settling ponds that receive the tailings from the flotation process. 
The manufacturer is attempting to neutralize the acidity of the waste 
by the addition of lime so that the stream is not corrosive to metallic 
structures downstream. The large amount of suspended solids has 
colored the stream a reddish brown with a floc-like precipitate appar- 
ent just below the surface. On reaching Parksville Reservoir, the 
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solids settle out and are gradually filling up the lake. Conditions 
are aggravated during rains due to excess erosion of the denuded 
soil. As the stream leaves the Parksville Dam, it has practically 
recovered from the effects of organic pollution. It is suggested that 
neutralization of waste be continued and additional efforts made to 
keep solids out of the river. 


ELK RIVER 


None of the larger communities on this watershed employs sewage 
treatment and consequently local nuisance conditions exist below , 
some outfall sewers. There is a history of fish being killed by spills, 
presumably accidental, of strong waste. 

Camp Forrest, Tenn.—This new military camp has taken measures 
to insure against causing nuisance conditions. Secondary treatment 
of sewage with provision for chlorination of the effluent has been pro- 
vided. Despite these precautions, some trouble has been experi- 
enced primarily because of a growth to a full load that was not 
anticipated. 

Estimates of cost of suggested remedial measures have been 
presented in table T—1. 
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